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NO JOB IS TOO BIG 
FOR OXWELDING 


Your application of Oxwelding to production need not 
be deferred because its effective employment in your 
plent seems difficult or impossible. 

The Linde Service and Engineering Organizatien, 
qualified by years of experience in adapting this 
modern metal-working process to the needs of hun- 

dreds GhWighly spetdlizied tadiinedas, Uiiidivends to help you apply Ox- 
welding to your particular production problem. 

A wealth of oxwelding information, backed by the resources of one 
of the country's great commercial research laboratories, is available to you. 
If your production problem involves apelding. investigate these facilities. 


THE LINDE AIR PRODUCTS COMPANY, THE PREST-O-LITE COMPANY, INC.. 
OXWELD ACETYLENE COMPANY, UNION CARBIDE SALES COMPANY, 
Units of UNION CARBIDE AND CARBON CORPORATION 


General Offizes + Now York [Gg Sates Oftices in the Principol Cities 
65 Linde plants 48 Prest-O-Lite plants 174 Oxygen Warehouse stocks —-156 Acetylene Warehouse stocks 
42 Apporotus Warehouse stocks 245 Union Corbide Warehouse stocks 
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Fall Meeting 


One of the largest and most suc- 
cessful national meetings of the 
American Welding Society was held 
in Chicago during the week of Sep- 
tember 22, in conjunction with the 
Metal Exposition. About 400 people 
officially registered. Twenty-two tech- 
nical papers were presented at six 
technical sessions. 

An inspection trip was arranged on 
Thursday morning, September 25, to 
the Hawthorne Works of the Western 
Electric Company. The visitors were 
conducted through welding installa- 
tions which incorporated the use of 
automatic, semi-automatic and man- 
ual welding equipment. Other de- 
partments were also visited. 

The work of the American Bureau 
of Welding was featured prominently 
through a meeting of the Bureau, 
Structural Steel Welding Committee, 
presentation of papers resulting from 
the fundamental research investiga- 
tions at various universities and a 
symposium by the Committee on 
Standard Tests for Welds. 

The Board of Directors held their 
semi-annual meeting on Monday eve- 
ning. Among the important matters 
discussed were the selection of Bos- 
ton as the place for the 1931 fall 
meeting, and approval of the publi- 
cation of the new building code. 

The welding exposition was ar- 
ranged as part of the National Metal 
Exposition at the Stevens Hotel. It 
is estimated that some fifty thousand 
people viewed the exhibits. 

Ladies’ entertainment included a 
luncheon, sight-seeing trip through 
hicago’s parks and places of inter- 

a trip to the Chicago Art Mu- 

m, and a luncheon and style show 
t Marshall Field & Company. 

he annual banquet and dance of 

A. W. S. was held in the Gold 

n of the Congress Hotel. About 

members and their guests were 
‘nt. At the dinner, Mr. James 
Uwens was presented the Samuel 


Wylie Miller Memorial Medal for 
1929 for his conspicuous work in ex- 
tending the applications of welding in 
marine construction. 

Considerable credit is due to the 
Chicago Section and its special com- 
mittees for the smoothness of opera- 
tions and the success of many of the 
features of the fall meeting. 


Samuel Wylie Miller Memorial 
Medal 


A Correction 


In the Year Book of the Society 
which appeared as the August, 1930; 
issue of the JOURNAL, an error was 
made in printing the present condi- 
tions of award of the Miller Medal. 
During the lifetime of Mr. Miller the 
award was restricted to achievement 
in fusion and welding cutting, but 
when the medal was perpetuated as a 
memorial to Mr. Miller, its scope was 
extended to all processes of welding 
and cutting. The present conditions, 
as given on page 17 of the August, 
1930, issue, should be corrected to 
read as follows: 

1. The Samuel Wylie Miller Memoria! 
Medal shall be awarded annually for any 
meritorious achievement which, in the 
judgment of the Miller Medal Board of 
Trustees, has contributed conspicuously 
to the advancement of the art of weld- 
ing and cutting. 

2. Individuals only, but of any country 
and of any age, shall be eligible for the 
award. 

3. The award for any calendar year 
shall be announced and the medal, to- 
gether with a suitable certificate, presented 
at an annual meeting following the year 
for which the award is made. 


Report of Miller Memorial Medal 
Board of Trustees 


The Samuel Wylie Miller Memorial 
Medal for the year 1929 is awarded 
to James Whitfield Owens. 

Mr. Owens for many years has been 
prominent in the development of the 
welding art in this country. 
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As Welding Aide for the Bureau 
of Construction and Repair of the 
Navy, he organized the first welding 
shop in the Navy, introduced certifi- 
cation tests for welders employed in 
the construction of naval vessels and 


prepared the welding specifications 
for the scout cruisers then under con- 
struction. As Director of Welding of 


the oe News Shipbuilding and 


Dry Dock Company, he was respon- 
sible for a marked increase in the 
application of welding as a tool in 
the fabrication of merchant ships. 
His keen interest and energetic activ- 
ity as Chairman of the American 
Welding Society Committee on No- 
menclature, Definitions and Symbols 
was largely responsible for the pro- 
mulgation of the first comprehensive 
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standard definitions, nomenclature 
and symbols for the welding industry. 

During and since the days of the 
Welding Committee of the Emergency 
Fleet Corporation, he has been an 
energetic and enthusiastic invest 


ga- 


tor who has contributed freely to the 
industry the results of his extensive 
studies. 

In 1928 Mr. Owens was awarded 
international competition the Lincoln 
Prize, sponsored by the American So- 
ciety of Mechanical Engineers. 

The Board of Trustees considers 
that these various contributions t 
advancement of the welding art 
stitute a conspicuous achievement 
worthy of the Samuel Wylie Miller 
Memorial Medal. 





Second Lincoin Arc Welding Prize 
Competition Is Announced 


Designers and engineers in every 
industry, where iron and steel forms 
all or a part of the manufactured 
product, are again given the oppor- 
tunity by The Lincoln Electric Com- 
pany, Cleveland, Ohio, sponsors of the 
Second Lincoln Are Welding Prize 
Competition, to show their skill and 
ingenuity in utilizing the advantages 
of arc-welded construction. As a re- 
ward for their efforts seventeen thou- 
sand five hundred dollars will be 
awarded for the forty-one best papers 
submitted in the competition. The 
Jury of Awards, who will judge the 

apers entered in the competition, will 
fe composed of the Electrical Engi- 


neering Department of Ohio State 
University under chairmanship 0! 
Professor Erwin E. Dreese and such 
others as he may select. 

In announcing this competition, 
which is the second to be sponsored by 
The Lincoln Electric Company, the 
sponsors are establishing a biennial 
competition which should be welcomed 
by industrial engineers and manufac- 
turing executives throughout the 
world. The purpose of this Secon¢ 
Lineoln Are Welding Prize Compet- 
tion, as announced by its sponsors, !s 
to stimulate designers and engineers 
in every line of industry to think ol 
the manufacture of their own prod- 
ucts by the use of are welding and t 
increase their knowledge of the a‘! 
bility of its application. 
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The forty-one prizes, to be given by 
The Lincoln Electric vege og! to the 
winners as selected by the Jury of 
Awards, are: For the first prize paper, 
$7,500; for the second prize paper, 
$3,500; for third prize paper, $1,500; 
for fourth prize paper, $750; for fifth 
prize paper, $500; for sixth prize 
paper, $250; and for the seventh to 
forty-first prize papers, $100 each. | 

The competition, as announced, will 
be open to any person in the world ex- 
cept the employees of the sponsors. 
The closing date for the competition 
will be October 1, 1931. Other details 
of the rules of the competition are ex- 
pected to be announced shortly. 


In Memoriam 


At a meeting of the Executive Com- 
mittee of the American Welding Soci- 
ety held in the Engineering Societies 
Building, New York, N. Y., on the 
ninth day of September, 1930, the fol- 
lowing resolution was unanimously 
adopted: 

Resolved, That the American Weld- 
ing Society record, with the deepest 
regret, the loss which they and the en- 
gineering profession at large have 
sustained by the death of Thomas 
Shipley on January 22, 1930. 

As a Charter Member of the Soci- 
ety, a member of the Philadelphia 
Section since its organization, and 
holder of the sustaining membership 
of the York Ice Machinery Corpora- 
tion, he was a most faithful worker 
and was always keenly alive to the 
best interests of the Society. 

The high esteem in which Mr. Ship- 
ley was held by his friends, his busi- 
ness associates, by the members of 
the Society, and by all who knew him 
well, is a tribute accorded only to 
those whose character contains ele- 
ments of sterling worth. He exhib- 
ited in the highest degree those quali- 
ties that engineers should emulate; 
he was steadfast, dependable, ener- 
getic, loyal, unbiased in judgment and 
progressive in spirit. He was of 

ndly personality, genial and consid- 

ite of others. 

in his passing, the American Weld- 

x Society loses one who steadfastly 
ipheld the best aims and traditions 

' the profession, and its members 

e : valued friend, who was a friend 

ail. 

E. A. DOYLE, 


Sept. 9, 1930. President. 
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At a meeting of the Executive Com- 
mittee of the/American Bureau of 
Welding, held in the Engineering So- 
cieties Building on the twenty-second 
day of August, 1930, the following res- 
olutions were unanimously adopted: 

Whereas: The Executive Committee 
of the American Bureau of Welding 
has learned with profound sorrow o’ 
the death on August 14 of James H. 
EDWARDS, a member of the Bureau 
and Chief Engineer of the American 
Bri Company, and 

Whereas: The members and officials 
of the American Bureau of Welding 
recall with deep appreciation the 
helpful interest that Mr. Edwards al- 
ways took in its affairs and, in par- 
ticular, the able and inspiring guid- 
ance that he gave as Chairman of its 
Structural Steel Welding Committee, 
and 

Whereas: It is realized that the 
passing of this true-hearted man will 
leave an unfillable vacancy in the 
ranks of his fellow engineers and his 
associates as friends; therefore be it 

Resolved: That the members of the 
Executive Committee of the Ameri- 
can Bureau of Welding hereby ex- 
press their deep regret and sense of 
personal loss in the death of James 
H. Edwards and their appreciation of 
his services to the American Bureau 
of Welding, and, further, be it 

Resolved: That these resolutions be 
spread upon the records of the Bureau 
and that copies be sent to his family 
and to his associates in the American 
Bridge Company as an expression of 
our mutual loss and sympathy. 


C. A. ADAMS, 
Director. 


W. SPRARAGEN, 
Secretary. 


Gas Products Association Meeting 


At the annual meeting of the Gas 


Products Association, E. L. Mills, 
sales manager of the Bastian Blessing 
Company, was elected as president. 

In its educational work the Associa- 
tion has prepared some motion picture 
films which portray the development 
of oxy-acetylene welding with partic- 
ular reference to pipe welding and 
fuselage construction. These will be 
available as required for welding 
meetings and symposiums. 
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Special Meeting, New York Section 


A special meeting of the New 
York Section of the American Weld- 
ing Society has been arranged for 
Tuesday evening, 8 o’clock, Nov. 18, in 
the Engineering Societies Building, 33 
West Thirty-ninth Street, by the 
Committee on Building Codes. The 
subject will be “Why Structural 
Welding Should Be Recognized by the 
Building Department.” In addition to 
the greetings of the New York Sec- 
tion chairman, there will be an intro- 
ductory address by President Doyle 
setting forth the work of the Society 
in the matter of codes. This will be 
followed by a description of the Soci- 
ety’s code and the extent of its adop- 
tion, by Professor F. P. McKibben, and 
a statistical report of existing weld- 
ing tonnage, by Gilbert D. Fish. 

Following these there will be an 
illustrated lecture showing the appli- 
cations of structural welding in build- 
ings and bridges throughout the 
United States, presented by represen- 
tatives of the General Electric, West- 
inghouse Electric, Lincoln Electric, 
Linde Air Products, and American 
Bridge companies, and a number of 
others. 

There will be a number of special 
guest speakers to be announced later. 
It is planned that this meeting will be 
instrumental in crystallizing opinion 
ae Bs the adoption of welding in city 
¢c es. 


Next Fall Meeting 


Aa a Board of Directors’ meeting 
held in connection with the Fall Meet- 
ing of the Society in Chicago it was 
unanimously decided to hold the next 
Fall Meeting in Boston. As in other 
years, there will be an exposition held 
jointly with the A. S. S. T. Other 
technical societies are planning to 
hold sessions at the same time. 


Revised Building Code 


A revised edition of the Building 
Code of the American Welding Soci- 
ety is now available for distribution. 
The pamphlet containing the Code, 
also, includes as an appendix, such 


supplementary information as_ to 
make the document complete. In a 
previous issue of the Code it was nec- 
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essary to refer to the various bulle- 
tins of the Structural Steel Welding 
Research Committee. Copies of the 
new Code are available at 25c. per 
copy with special rates for quantity 
lots. 


Section Activities 
Boston 

The first meeting of the season wil! 
be held at the plant of the Austin 
Hastings Company, Incorporated, 226 
Binney Street, Cambridge, on Friday 
evening, October 24 at 7:30 p.m. The 
details of this meeting will be an- 
nounced later. As this is the opening 
of the season, it is hoped that as 
many as possible will attend the meet- 
ing. 

In November the Section will visit 
the Thomson-Gibb Electric Welding 
Company in Lynn. Announcement as 
to the nature of the demonstrations 
which will be held, and the names of 
the speakers, together with the sub- 
jects they will speak on, will be made 
very soon: 

As far as possible the Section plans 
to hold its meetings on the third Fri- 
day of each month. 


Los Angeles 


A very successful meeting of this 
Section was held on Sept. 18. A short 
executive committee meeting was held 
before the dinner and it was resolved 
that the second Thursday in each 
month would be reserved for the So- 
ciety meetings during the coming sea- 
son. The talk given by James W. 
Foley, nationally known poet and hu- 
morist, proved to be one of the out- 
standing events of the evening. Rob- 
ert G. Wulf, chemical engineer, gave 
an interesting technical talk on “The 
Chemistry of Oxy-Acetylene Welding 
and Cutting.” 

The October meeting will be on the 
second Thursday of October at the 
usual place. C. W. Martin, welding 
supervisor, Western Pipe & Steel 
Company, will give an illustrated talk 
on “Weld Stresses.” It is also hoped 
to have Paul Jeffers, professiona! en- 
gineer, tell about the A. W. S. meet- 
ing in Chicago; and to have a short 
talk from Professor F. W. Maxstadt, 
California Institute of Technology, on 
“Magnetic Influence.” 


New York 
On Sept. 16 the members of the 
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New York Section met at the West- 
inghouse Lighting Institute, Grand 
Central Palace, where they inspected 
the “City of Light.” Gilbert D. Fish, 
consulting structural engineer, West- 
inghouse Electric & Manufacturing 
Company, spoke on the “Recent De- 
velopments in Electric Welding of 
Structural Steel.” John J. Crowe, Air 
Reduction Company, gave a talk on 
“The Flame Cutting of Steel.” 


Philadelphia 


The October meeting of the Phila- 
delphia Section will be held on the 
20th. John Reed, chief electrical en- 
gineer, Bethlehem Steel Company, is 
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to present a paper entitled “Illustra- 
tions of Repairs to Steel Plant Ma- 
chinery Done by Welding.” H. J. 
Bowles, welding supervisor, Bethle- 
hem Steel Company, will exhibit some 
slides of a number of unusual welding 
jobs and will talk on “Instruction and 
Qualifications of Welders.” 


San Francisco 


The September meeting was held on 


the 26th. Messrs. Griffiths and Hen- 


derson of the Lincoln Electric Com- 
pany spoke on the latest develop- 
ments in Carbon Arc Welding. This 
talk covered the mechanical as well as 
manual developments of this process. 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the BULLETIN, 


Services Available—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will remain 
in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be addressed to the number indicated 
in each case and rhailed to the Society headquarters. 


SERVICES AVAILABLE 


A-104. Mechanical Engineer with past machine shop and sales engineering 
experience, has for four years specialized on technical publicity, mainly in 
connection with welding, with marked success. Desires position in technical 
publicity, editorial or sales field. 


A-105. Electric arc welder with eleven years’ experience seeks steady posi- 
tion with reliable concern. 


‘aa a Welder with several years’ experience acetylene welding pipe and 
In JOD shop. 


A-107. Welder with ten years’ experience with electric arc and acetylene 


nm tanks, boilers, sheet metals, etc., desires position in Chicago. Can use own 


judgment. Am skilled operator. 


A-108. Engineer desires position. Has had technical education as electrical 
engineer 4% years with G. E. Company. Experience in electrical contracting 
work and salesman in welding industry; then became General Purchasing 


\ — for a large independent manufacturer of oxy-acetylene equipment and 
supplies. 

















Electric Arc Welding of Aluminum 
By W. M. DUNLAPt 


USION welding has been divided into two general classes: torch 

welding and arc welding. The fusion welding of aluminum and its 
alloys by means of an oxy-hydrogen or oxy-acetylene torch is an art that 
has been known and practiced for the past fifteen or twenty years by 
metal workers engaged in the fabrication of aluminum articles. During 
the past year much information concerning the torch and spot welding of 
aluminum and its alloys has been published in the various technical 
journals. However, insofar as the author has been able to determine, 
there has been nothing published concerning the arc welding of the 
above metals. The consensus of opinion seems to be that aluminum 
cannot be arc welded. This opinion was entirely correct until a very 
few months ago. During the past few months rather extensive investiza- 
tions of the application of the arc welding process to aluminum have 
been conducted in the Aluminum Research Laboratories of the Aluminum 
Company of America under the supervision of the author. As a result of 
this work, the process has been developed to the point where, within 
certain limits, it may be considered practical as a production method. At 
the present time the successful commercial arc welding of aluminum and 
its alloys is being done by several metal fabricating plants. 


The are welding process is divided into two classes:. Metallic arc, or 
Slavianoff process and carbon arc, or Bernardos process. Both of these 
methods are coming into use for welding aluminum; however, the former 
process only will be discussed in this paper. 


Electric arc welding dates back to about 1881 and the general principles 
of the process are well known. This paper will discuss the application 
of these principles to the welding of aluminum. The first principle 
involved in this case consists chiefly in the heating of the work to a 
welding temperature by means of an electric arc produced or “struck” 
between the work and a metallic electrode. The electrode melts and feeds 
into the joint, thus supplying the material required to complete the weld. 
The are serves three distinct purposes: it supplies heat to melt the edges 
of the joint, heat to melt the electrode metal, and it carries the metal 
from the electrode to the weld. The electrode serves two purposes: it 


constitutes a portion of the electrical circuit, and is a source of filler 
metal for the weld. 


Equipment Used for Arc Welding Aluminum 


The equipment required for arc welding aluminum is practically ‘he 
same as that used for similar work on other metals and consists of: 4 


*Paper presented at Fall Meeting, A.W.S., Chicago, Ill., September, 1930. 


‘?¢ om Research Laboratories, Aluminum Company of America, New Ken: 
ton, Pa. 
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welding generator, a pair of lead cables, an electrode holder, a ground 
clamp, an operator’s helmet or shield, and a supply of electrodes. 


The generator should be a variable voltage machine with a current 
rating of from 50 to 200 or 300 amp. and an open circuit (striking) 
voltage of about 60 volts. It may have any one of the common types of 
drive—electric motor, gasoline motor, or belt-—but for a small single 
operator unit it will be found more practicable to have a portable motor- 
generator set. It will be found best to secure a machine which the 
manufacturer has designated to hold a stable arc at low currents, and in 
addition, it is suggested that a stabilizing resistance be secured with the 
machine if it is to be used on light work. 


. 


Fic. 1—THIs PHOTOMICROGRAPH SHOWS THE TRANSITION ZONE OF THE WELD 

SHOWN IN THE CrROss-SECTION View. THE Cast STRUCTURE OF THE WELD 

PROPER Is SHOWN ON THE LEFT, THE TRANSITION ZONE IN THE CENTER, ANP 
THE WROUGHT STRUCTURE OF THE BASE METAL ON THE RIGHT 


The machine used in the experimental work was a portable welder of 
the variable voltage type. It has a current rating of from 50 to 300 amp. 
with a striking voltage of 50 to 60 volts. The machine was driven by an 
induction motor and was of two-bearing construction—motor rotor and 
generator armature on a common shaft. 


Electrodes Suited for the Process 


Experience in torch welding has shown that only two types of wire are 
required in welding sheet aluminum. For work on 2S or 3S, a pure 
«‘uminum (2S) wire is used, while when welding the strong alloys (17S, 
-oS, 518) it is advisable to use a 5 per cent silicon, 95 per cent aluminum 
“ire, especially when the work is not free to contract on cooling. 
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The strong alloys are all somewhat “hot short” and all have a high co- 
efficient of expansion. Furthermore, they all melt at temperatures less 
than that of 2S. Therefore, if a 2S electrode is used, the added meta! ip 
the weld will solidify before the metal of the sheet. This places the con- 
traction strains in the alloy sheet at a time when that metal, because of 


Fic. 2—THE PROPER ANGLE AT WHICH TO HOLD THE ELEc- 
TRODE. NOTE THE SERIES OF FLUX COATED ELECTRODES IN 
THE FOREGROUND 


its high temperature is quite weak. This is likely to cause the formation 
of cracks adjacent to the weld, especially if the metal is clamped in a jig. 


When the 5 per cent silicon electrode is used this cracking is eliminated 
This alloy melts at a temperature slightly below the strong alloys and is 
noted for its hot strength and slight solidification contraction. Because 
of these characteristics, the added metal in the weld acts similarly to the 
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gate in a casting. This action places the contraction stresses in the weld 
metal where the hot strength is sufficient to prevent cracks. 


It is often suggested that a filler rod (electrode) of the same composi- 
tion as the sheet be used in welding strong alloys and castings. When 
welding castings this procedure will often be found satisfactory, or even 
advisable, but the 5 per cent silicon electrode will prove the most useful 
for welding the wrought strong alloys. 


The electrodes are of the flux-coated type. In fact, the whole secret of 
successfully arc welding aluminum and its alloys depends upon the use 
of a proper flux. It has been found that a % in. diameter electrode will 
prove satisfactory for practically all gages up to %4 in., provided that the 
operator varies his technique to suit the thickness of the metal. Since 
the flux coating is an insulator, it is necessary to limit the electrode 
length to such that when it is gripped at che end by the electrode holder, 
it will not be unwieldy. Experience has shown that an electrode about 
15 in. long and coated to within 1 in. to 1% in. of one end is quite satis- 
factory. 


A Good Flux Must Be Used 


The torch welding of aluminum was never a real success until a suitable 
and satisfactory flux was developed. Now that the flux method of welding 
this metal has become standard practice with the artificers, the torch 
welding of aluminum has reached a state of perfection. Just as a proper 
flux is essential for successful torch welding, so it is for arc welding. The 
experimental work quickly showed that a bare electrode would not prove 
satisfactory for arc welding aluminum, so investigations were begun to 
develop a satisfactory flux. This flux must serve the same purpose in arc 
welding that it does in torch welding. In addition, it must decrease the 
surface tension of the aluminum so that the molten metal will flow 
smoothly from the end of the electrode without the formation of drops; 
the flux should also aid in stabilizing the arc. In order to fulfill the above 
requirements, the flux should have the following characteristics: 


1. It must melt at a temperature just below that of aluminum. 


2. When molten, it must have the ability to remove aluminum oxide and 
do it very quickly. 


3. The molten flux, containing the oxide must have a specific gravity 
less than that of the molten aluminum, and the difference must be enough 
that the flux will quickly and rapidly come to the surface of the molten 
metal, thus removing the oxide. This is particularly important in are 
welding as the weld metal solidifies very rapidly. 


4. The flux must be stable under the temperatures employed. For arc 
welding, this stability is of greater importance than for torch welding. 


5. It must not deteriorate with time, nor must it be too deliquescent. 
6. When dried on the electrode the flux must bind together well. 


7. The molten flux must lower the surface tension of the molten alu- 


num so as to prevent the formation of drops on the end of the electrode 
it melts. . 


T 
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A flux meeting the above requirements was finally developed by the 
author and is now being sold by the Aluminum Company of America, 
under the trade name of No. 25 Arc Welding Flux. 


For coating the electrodes the flux is mixed with water to the con- 
sistency of thick paint and the wires are dipped in this paste. The excess 
flux is allowed to drain off and the rods are then dried. The flux coating 
on the metallic arc welding electrodes should be approximately 0.025 to 
0.030 in. thick. To secure this thickness, it has been found advisable to 
dip the rods two times, thoroughly drying the first coating before the 
second one is applied. After a little experience the man coating the rods 
can judge the proper flux consistency to use, so that dipping twice wil! 
produce the desired flux thickness. 


The dipping tube or trough should be made from aluminum or brass. 
Iron should be avoided, as the chemical action of the flux on that metal 
will cause contamination. 


The rods should be dried in a current of warm air (about 60 deg. C.), 
or in a ventilated drying oven at about 65 deg. C. The drying will, of 
course, be rather slow at these temperatures, but if a higher drying tem- 
perature is used, the steam formed will cause the flux to crack and pee! off. 


Proper Characteristics of the Are 


The.exceedingly high temperature of the arc, together with the short 
flame, is an important factor in developing the improved physical prop- 
erties of arc welds as compared with torch welds. The high temperature 
produces rapid fusion in the work and the electrode, while the short arc 
localizes the heat. These properties greatly reduce the width of the heat 
affected area in the sheet, with a corresponding increase in weld efficiency. 
These same factors, combined with the rapid heat fluctuations, operate 
to the disadvantage of the process, since they set the lower limit in the 
range of work. 


The metallic arc, furthermore, is almost inherently unstable for several 
reasons. One reason is that the filler metal must pass through the arc 
during the welding operation. Then, too, the normal tendency of the arc 


is to “pull off” a cold spot in preference to a hot one, and this leads to an 
unstable condition. 


The flux coating on the rods is the primary stabilizing agent of the 
process. This flux must serve three important functions. It should fur- 
nish an insulating sheath around the arc, produce arc vapor with good 
conductivity, and reduce the surface tension of the molten electrode metal 


so that it will pass through the arc in small globules rather than in large 
drops. 


A further aid in stabilizing the are is the use of a short arc-length. 
This is entirely a mechanical factor, but in the experimental work the flux 
coating on the rods was designed to offer some aid. This was done by 
making the coating such that it did not melt as rapidly as the rod. That 
action produces a sheath of such length at the end of the rod that the 
operator can have the end of this sheath in contact with the work and, 
at the same time, have a satisfactory arc length. 
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As the currents used in arc-welding aluminum usually fall in the lower 
range of the smallest available welding generators, it will usually be found 
that the machine does not hold a stable arc. To correct this difficulty, a 
stabilizer consisting of about a half ohm resistance can be connected in 
series with the are. 

In welding aluminum with the metallic arc, only one polarity is re- 
quired, regardless of the alloy being welded or the thickness of the work. 
This polarity is with the electrode positive and the work negative, or 
what is commonly called “reversed polarity.” 


The primary reason for using this polarity is to improve the arc stabil- 
ity. It does this by permitting the use of higher currents (since the 


Fic. 3—Cross-SecTION OF THE WESLD MADE IN THE 
ALUMINUM PLATE SPECIMEN ILLUSTRATED 


major portion of the heat is at the positive terminal), which, in turn, 
permit a heavier flux coating. Furthermore, the increase in current, in 
itself, improves stability. 


Preparation of the Sheets 


Preparation of the edges is not required on sheets up to ¥ in. thickness, 
is the metallic are will produce complete penetration when the edges are 
merely butted together. Material thicker than % in. however, should 

ve the edges beveled to form a 90 deg. vee. This vee should not extend 

mpletely through the plate, but about an eighth-inch lip should remain. 
is lip may be notched with a chisel as in torch welding, but that is not 


essary. If it is done, the notches should be about 1/16 in. to ¥ in. 
ep and about 4 in. apart. 


operly Designed Jigs Should Be Used 


it is advisable to have some type of jig to hold the work in line when 
ng metallic arc welding. The jig, however, need not be as rigid as one 
ed for torch welding, as less buckling accompanies metallic arc welding. 
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In all work where it is possible, the seam should be backed up with a 
copper or iron backing strip—preferably the former. This is advisable 
because the metal in the “puddle” is quite fluid and, unless some support 
is given, the action of the are will blow holes in the weld, or penetration 
will be excessive. If the backing strip is flat on its entire surface, how- 
ever, the under side of the weld will be found to be slightly concave, be- 
cause of contraction on cooling. To avoid this trouble, the backing 
strip should be made with a slight clearance directly under the seam. 
Cutting a shallow groove in the backing plate, or, in the case of an angle 
used to back up a corner weld, grinding off the edge, will produce the de- 
sired clearance. Almost any suitable type of clamp or weight can be used 
to hold the work in place during welding. 


In placing the work in the jig, it has been found that no spacing is re- 
quired. Of course this conclusion is drawn from experimental work and is 
based on experience with comparatively short seams. Production work on 
long seams may dictate some changes in this technique. 


How the Electrode Should Be Manipulated 


It has been found that the most satisfactory method of “striking” the 
arc is to brush the end of the electrode across the work in a manner simi- 
lar to lighting a match. The electrode metal melts very rapidly in the 
are and, likewise, solidifies quite rapidly when the arc is extinguished. 
For this reason, it will be found that an attempt to draw the arc by touch- 
ing the rod to the work will, almost invariably, result in “burning fast” 
or “freezing” the rod to the work. 


The arc may be struck directly on the seam or on the jig near the edge 
of the work. It should be struck near the point where welding is to start, 
so that progress along the seam can be immediately begun. If much 
movement of the electrode is required after the arc has been first struck, 
it may “blow out.” Quite often this results in the formation of a fused- 
flux coating over the end of the rod which interferes with re-establishing 
the arc. 


Movement along the seam may be in either a forward or backward di- 
rection, as the operator desires or the work dictates. The movement, how- 
ever, should be at a uniform rate so that an even bead is made. To secure 
the best results, the electrode should be held approximately vertical at all 
times. It has been found, however, that slanting the electrode slightly 
(not over 20 deg. from the vertical) will sometimes prove satisfactory, and 
will be more convenient to the operator. If this is done, the electrode 
should point away from the direction of motion. 


The arc should always be kept as short as possible, in order to improve 
its stability. An arc length of \% in. to 3/16 in. is the most satisfactory, 
and it should never exceed 1, in. When a long arc is used, the arc “waves” 
excessively, small globules of semi-molten metal are thrown about, and the 
arc is hard to maintain. Proper thickness of the flux coating on the elec- 
trodes is a great aid in maintaining a uniform arc length. | When the 
electrodes are coated as previously described, it will be found that the flux 
coating will melt a little more slowly than the metal in the rod. ‘his 
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action produces a flux sheath around the are which, in addition to stabiliz- 
ing the are and limiting its “play,” serves as a guide for arc length. 


A detailed description of arc manipulation is practically impossible, for, 
as anyone familiar with arc welding knows, much of the technique de- 
pends on the operator’s “feel.” After a little practice, the operator will 
find that the arc welding of aluminum is a very simple process. There is 
no weaving of the electrode as in steel welding. The electrode is advanced 
in a straight line along the seam. In the case of heavy plate, the electrode 
is moved forward and backward to build up a bead of the desired height; 
the electrode is never moved back and forth across the weld. 


The most practical use of the metallic arc for aluminum welding is in 
making a straight butt weld or a corner weld. For these applications, 
the method has been found quite satisfactory for all of the aluminum al- 
loys. The use of the metallic arc for tee and lap welds has not been very 
extensively investigated, but what work has been done indicates fair 
results. 


The metallic are can be used for welding aluminum sheet No. 14 B.S. 
gage and heavier. An upper limit has not been set, as this limit depends 
more upon the results desired than on the possibilities of the process. 
The heaviest material used experimentally was *¢-in. sheet, and the welds 
were very satisfactory. 


Why the Are Will Burn Through Thin Gage Sheets 


The lower limit can rather definitely be placed at No. 14 gage as it has 
been found that lighter material will burn through with the minimum 
current that can be used. This trouble appears to be an inherent char- 
acteristic of the metallic arc. It is chiefly due to the fact that the mini- 
mum current which will maintain a stable arc is rather high. 


The theory has been advanced by J. B. Green of the Fusion Welding 
Corporation that the variation of the heat, caused by metal passing from 
the electrode to the work, is the cause of the trouble. This theory is: As the 
metal drop which has been formed on the end of the electrode passes to 
the work and momentarily extinguishes the arc, the heat is varied from 
maximum to zero. As the arch is re-established after the passage of the 
drop, the heat again rises to the maximum. It is suggested that this great 
heat variation is the factor which makes the use of the metallic are on 
light sheet impossible. 


A Few Difficulties Which Beset the Operator 


There are only a few difficulties that the operator will encounter when 
arc welding aluminum, and most of these can be attributed to technique. 
One difficulty which is peculiar to this process is the formation of the in- 
Sulating, fused-flux coating over the tip of the electrode when the arc 
“blows out.” This characteristic is rather annoying and is a source of 
time loss, but otherwise is not very important. To re-establish the arc, 
{ is necessary to tap the end of the electrode on the work until the coat- 

: cracks off, or to clip the end of the rod off with a pair of pliers. 


Moving along the seam too slowly results in burning holes or in de- 
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veloping an excessive bead, while moving too rapidly results in poor pene- 
tration. Using too high a current will result in “burned” work, and too 
low a current results in little or no penetration. 


The most outstanding advantage in the use of metallic are welding is in 
its cheapness; the operating speed of this method is greater than for any 
other fusion welding process. Where applicable, the arc welding process 
is cheaper than the oxy-hydrogen or oxy-acetylene welding process. This 
saving is in the difference in the cost of gas as compared with the cost 
for electrical power and in the difference in labor cost. The first cost of 
the arc welding process will probably be greater, especially for smal! in- 
stallations, while the cost of electrodes will be somewhat more than for 
filler wire and flux in torch welding. The decreased operating costs, how- 
ever, will soon show a saving. 


The metallic arc welding process is particularly applicable to certain 
classes of work such as the reclamation of defective castings in foundries, 
repairing broken castings, architectural shapes, etc. There is less 
buckling and warping of the work when arc welding than when torch 
welding, and preheating before welding can be iargely elimi- 
nated. The temper of the sheet is less affected during arc welding than 
during torch welding, as in the former case the heat is much more con- 
centrated and localized and the weld is made much more quickly. 


The flux used in arc welding, like that for torch welding, is corrosive 
and must be removed after welding is completed. The most satisfactory 
method to remove this flux is to soak the weld in hot 5 per cent nitric 
acid or warm 10 per cent sulphuric acid solution for a short time and then 
to rinse it in hot water. Soaking in hot water, at the same time scrubbing 
the weld with a stiff brush, is also quite satisfactory. The weld may be 
cleaned by impinging a steam jet on it. This method has advantages for 
removing the flux from corners. 


After the flux has been removed, the weld can be finished by chipping 
off the excess metal with a pneumatic chisel and then hammering the weld 
with an automatic hammer. Care should be taken that the hammering 
does not start small cracks that will reduce the strength. Another method 
of finishing is to grind off the excess weld metal and then polish the work 
on a buffing wheel. This method is to be preferred where a good finish 
is desired. A good weld finished in this manner cannot usually be 
detected. 
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Physical Properties of Electrically Welded 
Steel Tubing * 


3y H. L. WHITTEMORE,’ J. S. ADELSON,+ AND E. O. SEAQUIST’ 
I. INTRODUCTION 


NOR many of our industrial processes tubes and pipes are used to 
|: convey liquids and gases. They are used in large quantities for the 
distribution of water and gas in our cities, and for pipe lines across the 
country to bring oil and gas to manufacturing and shipping centers. 
Tubing is used in many industrial applications where high pressures 
are applied externally as well as internally. In department stores tubing 
is used for pneumatic-conveyor systems and in factories for the rollers 
in roller conveyors. It is used for conduit for electric wiring. In auto- 
mobiles it is used for driving shafts, steering columns, water manifolds, 
and exhaust pipes. 


From a theoretical standpoint there are, in many cases, advantages in 
using tubes as structural members and as parts of machines instead of 
using other cross sections. In the past, however, the high cost of 
tubing has limited its use, frequently making it more economical to use 
rolled sections having greater weight. 


lf the member is subjected to tensile stresses only, the cross-sectional 
area and, therefore, the weight are the same whether it is solid or tubular. 
For some conditions the tubular member is to be preferred because it is 
less likely to vibrate. 


If the member is subjected to compressive stresses, as in a strut or 
column, a tubular member is efficient because for a given cross-sectional 
area the moment of inertia of a circular tube is the same about all 
centroidal axes, and it is relatively high. 


When long columns fabricated from rolled shapes fail, they often fail 
by twisting if the torsional rigidity is low. Tubular columns, which 
have a relatively higher torsional rigidity than any other commercial 
form, probably never fail by twisting. 


lf the member is subjected to transverse loads, as in a beam, a com- 
parison of the strengths of tubular and other sections can only be made 
aiter the section moduli have been computed. In general, higher section 
moduli and moments of inertia can be realized practically with tubes 
than with rolled sections except when a large difference is desired in 
different planes, as in a narrow I beam. 


Tu 


hen subjected to twisting couples, as in shafts for the transmission 


er to be presented at Fall Meeting A. W. S., Chicago, Sept Reprinted from 
of Standards, Journal of Research. 


S. Bureau of Standards. 
f metallurgist, Steel & Tubes (Inc.), Cléveland, Ohio. 
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of power, a tube is stronger for the same weight than a solid cylindrica] 
shaft or other cross section. 


If the member in service is accidentally subjected to unexpected 
local forces, tubes will in many cases prove more satisfactory than 


structural shapes, because tubes have no unsupported flanges to be 
damaged. 


Steel tubing is used almost exclusively to form the fuselage struc- 
tures of airplanes. This is an example of a structure designed to obtain 
the greatest strength for a given weight. 


In the past it has been difficult and expensive to join tubular mem- 
bers of a structure by rivets or fittings, but during the past few years 
fusion welding has come into extensive use for fabricating structures 
and machines, 


It is believed that tubes can be welded more satisfactorily than rolled 
shapes because the wall of the tube is somewhat thinner, the thickness 


is more nearly the same for all members, and the surface of tubes is 
convex.” 


In the past, tubing of the desired material and dimensions has not 
always been available commercially, or if available, the price has been 
prohibitive. As the cost of tubing decreases, due to improvements in 
the method of manufacture, the use of tubes for the members of small 
machines and light structures should increase. 


That structures fabricated from tubes having we'ded longitudinal 
seams possess the advantages which have been outlined is shown by 


tests recently made in Germany’ of towers for electrical transmission 
lines. 


These specimens consisted of four vertical members connected )) 
diagonal lattices. Some were fabricated from steel tubes having welded 
longitudinal seams, the connections being made by oxyacetylene welding 
Other specimens of the same dimensions were fabricated from rolled 
angles, the connections being made by riveting. 


The specimens were 6 m (19.68 feet) and 12 m (39.37 feet) high 
The base was anchored to a foundation and the horizontal force at the 
top increased until the tower failed. 


The efficiency of the towers at maximum load computed on the weigh! 
of the towers was, for the 6 m towers, angle-iron tower 1, tubular tower 
2.07, and for the 12 m towers, angle-iron tower 1, tubular tower 1.66. 


The report concludes that thin tubes having a welded longitudinal 


seam, which is comparatively cheap, can be used successfully instead of 
rolled sections. 


Tubular towers are especially desirable if freight rates are high oF 
if the pressure on the soil must be low. 


2“Strength of Welded Joints in Tubular Members for Aircraft’ will be publish 
an early date as a Technical Note of the National Advisory Committee for Aeron \' 
Washington, D. C. 

* A. Hilpert and O. Bondy, Berlin-Charlottenburg. Zeitschrift des Vereines De' 
Ingenieure, 73, No. 24, p. 805; June 15, 1929. 
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Tubular towers offer less wind resistance and have a better appearance 
than towers fabricated from rolled sections or reinforced concrete. 


II. PURPOSE OF THE INVESTIGATION 


Tubes made from sheet or strip steel, with the longitudinal seam 
electrically welded, are being used commercially. As there is little 
information on the strength and other properties of these tubes, the 
Bureau of Standards, in cooperation with Steel & Tubes (Inc.), has 
made the present investigation to determine the physical properties of 
electrically welded tubing. It is hoped that the investigation will 
enable designers of structures and machines to use welded tubes eco- 
nomically under tensile loads and under compressive loads on short 
lengths, as in aircraft; under torsional load, as in steering columns and 
drive shafts of automobiles; under internal pressure, as in pumps and 
jacks; and for flanged connection, as in exhaust pipes for gasoline 
engines. Tests have been made to determine (1) variations in diameter 
and in thickness of wall; (2) the modulus of elasticity, proportional 
limit, yield point, tensile strength, and elongation of full section; (3) 
the axial crushing strength; (4) the torsional modulus of elasticity, and 
torque at elastic limit and ultimate torque; (5) the bursting strength 
under hydrostatic pressure; (6) the tensile strength of the weld; (7) 
the hardness (Rockwell number); (8) the suitability for flanging; and 
9) the microscopic structure of the weld. 


The results obtained from the axial crushing tests, the bursting tests, 


the tensile tests of the weld, and the flanging tests depended greatly upon 
the strength and ductility of the welds. 
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The chemical analyses were made by R. M. Fowler, of the chemistry 
division. The microscopic examinations were made by C. E. Eggen- 
schwiler, of the metallurgical division. 


V. DESCRIPTION OF TUBING 
1. MATERIAL 


Typical chemical analyses, shown in Table 1, indicate that most of 
these tubes are mild steel containing about 0.08 per cent carbon. This 
tubing is also made in higher carbon steels, such as S. A. E. 1025, exam- 
ples of which are tubes Nos. 85 and 86. 


The manvfacturer states that all tubes were made from box-annealed 

\_-rolled strip steel with the exception of some of the heavier gage tubes 
h were made from pickled hot-rolled strip stecl, examples of which 
ibes Nos. 58, 84, and 85. 


' sizes, thicknesses of wall, and types of treatment of all the tubes 
shown in Table 2. 
2. METHOD OF MANUFACTURE 


rip steel of the required width is _passed through a series of rolls to 
it the tubular form. 
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TaBLe 1.—Chemical analysis 
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TaBLe 2.—Resulis from tensile, hardness, and axial crushing tests 
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TaBLE 2.—Reeulis from tensile, hardness, and axial crushing tests—Continued 
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TABLE 2 (Continued) 


Results from .Tensile, Hardness and Axial Crushing Tests 
Symbol Type of Treatment Symbol Type of Treatment 
A As-welded D Rolled 
B Swaged E Cut-burr 
C Swaged-annealed H Hard-rolled 


The edges along the longitudinal seam are accurately butted as the 
blank is propelled under two electrodes which make continuous contact 
on both sides of the seam. The electrical resistance of the metal brings 
the abutting edges to the welding temperature. Forces are immediately 
applied by mechanical fixtures to complete the weld. The tubing is said 
to be welded at a speed of about 50 feet per minute. 


(a) TYPES OF TREATMENT 


Figures 1 and 2 show the typical cross sections and welds of some of th: 
tubes. 


(1) As-welded.—This tubing is in the condition in which it comes from 
the welding machine. It has a small burr on the inside and outside of the 
weld. This diameter is from 0.02 to 0.04 inch greater than the nominal 
outside diameter. 


(2) Cut-burr.—This tubing is similar to the as-welded tubing except 
that the outside burr has been removed by a planer too! as it leaves the 
welding machine. 


(3) Swaged.—The as-welded tubing is passed through a swaging 
machine which reduces its outside diameter to the nominal size and 
removes the burr on both sides. The machine has a pair of dies, each 
of which has a slightly tapered longitudinal semicylindrical groove. The 
opposite end of the dies from which the tube enters conforms to the 
desired outside diameter of the tube. A cylindrical mandrel, of a size 
corresponding to the desired inside diameter of the tube, is inserted 
and held stationary at a point between the dies. The dies revolve about 
the tube and at the same time hammer it to its nominal size while the 
tube is being pulled through the machine. 


The as-welded tubing may also be swaged without the stationar) 
mandrel on the inside, thus forming a tube of uniform thickness and 
outside diameter, but with a small burr on the inside at the weld. 


The variations in thickness of wall and in outside diameter of swaged 
tubes are small. 


(4) Rolled—The as-welded tubing is passed through a series of 
rolls arranged in pairs, each roll having a semicircular groove. These 
rolls reduce the outside diameter to the nominal size and roll down the 
burr. A mandrel, in which small rolls are mounted and adjusted to 
conform to the desired inside diameter of the tube, is inserted and held 
stationary in the tube at a point between the outside rolls. The rolls 
in the mandrel roll down the inside burr. 


The thickness of wal] at the weld of the rolled tubes is some 
greater for a width of 0.10 to 0.20 inch, the increase being from 2 ' 
per cent and averaging 8 per cent. Due to the rolling opera’ \ 
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ie outside diameter of the tubing is constant, but the inside diameter is 
least at the weld. 


5) Hard rolled.—The strip steel from which this tubing is made is 
cold worked to a greater extent than other rolled tubing, which increases 
its strength. 


(6) Annealed.—The ductility of the tubing which has been cold worked 
in previous operations may be increased by annealing. Annealed tubing 
fs used for parts which are greatly deformed in fabrication. 














Fig. 1—Cross SECTIONS AND WELDs or Some 1-INCH TUBES 
number 35 43 


e I~ 
of treatment... welded Swaged Rolled 
number 93 73 7 


] 
welded Cut-burr Swaged 


Che only annealed tubes that were included in this investigation were 
nealed after swaging. 


V. METHODS OF TESTING AND RESULTS 


To determine the difference in tensile strengths at the ends of some 
the 15-foot lengths of tube, one tensile specimen was cut from each 
d of tubes Nos. 1 to 25, inclusive. The average difference between 
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the tensile strengths of the two specimens was 1.2 per cent and the maxi- 
mum difference was 2.5 per cent. It was concluded, therefore, that the 
physical properties did not vary appreciably in the length of the tube 
Only one tensile specimen was cut from each of the remaining tubes, 
which varied in length from 10 to 18 feet, and no sequence for cutting 
specimens from the remaining length was followed in the various tests. 


1. DIAMETER AND THICKNESS OF WALL 


The outside diameters of swaged, rolled, and swaged-annealed tubes 
were measured to the nearest 0.001 inch at four equally spaced diam- 
eters around the tube. These measurements were taken at an arbitraril) 
selected cross section of the tube. 














"iG. 2—CrOoss SECTIONS AND WELDS or Some 2-INCH TUBES 


Tube number 10 69 ll 47 
Type of treatment .... As welded Cut-burr Swaged Rol 


After the tube had been cut into lengths for specimens, the thickness 
at the ends of the specimens was measured to the nearest 0.001 inch 
on four elements equally spaced around the tube. One of these measure- 
ments was taken on the weld of the swaged and swaged-annealed tubes, 
but not on the weld of the as-welded, cut-burr, or rolled tubes. The | 
thickness of the wall did not vary longitudinally more than 0.001 inch 
on any given element of the cylinder. 


The maximum differences in outside diameters and wall thicknesses 
of the four measurements are shown in Figs. 3 and 4. 
Fig. 3 shows the per cent of the 25-swaged, 23-rolled, and 20-swaved- 


annealed tubes having the maximum differences of outside diameter 
dicated. 


Fig. 4 shows the per cent of the 91 tubes of all types of treatment! 
having the maximum differences of wall thickness indicated. 
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2. TENSILE TEST OF FULL SECTION 


One tensile specimen, 20 inches long, was cut from each length of 
tubing and then marked with a center punch at each inch along opposite 
elements of the cylinder for a distance of 10 inches. Mandrels which 
fitted the inside of the tube were inserted into each end of the specimen. 
These mandrels were slightly longer than the jaws of the testing 
machine, and their inner ends were rounded. 


The testing machine had a capacity of 100,000 pounds. It was of the 
universal screw-power type and driven by an electric motor. The ends 
of the specimen were gripped between the V-shaped grooves of the jaws. 
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find the number of tubes which did not exceed a 
given tolerance, say 0.006 inch, find 0.006 on the 
orizontal seale, then determine where the ordinate 
uts the curve for the tube of the desired treatment, 
iy “swaged.”. Read the number of tubes horizontally 
the scale at the left. For this case, 96 per cent of 


25 “swaged” tubes did not exceed the tolerance. 


The yield point was determined by the drop of the beam and checked 
dividers set on the specimen on an 8-inch gage length. The speed 
' the moving head of the machine was 0.11 inch per minute during this 
irt of the test. The speed was then increased to the next higher speed 
0.44 inch per minute, which was maintained until the ultimate load 
d fracture were reached. 


The elongation was determined by fitting the fractured ends together 
nd measuring the distances between original 2 and 8 inch gage marks 
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on each side of the fracture. These marks were selected so as to have 
the fracture as near the center of this distance as possible. 


The yield point, ultimate strength, and elongation for each tube are 
given in Table 2, and the average of these for the different types of treat- 
ment is given in Table 3. 


The modulus of elasticity and proportional limit were obtained from ff 
a few specimens of the different types of treatment. One-inch tube: J 
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Fic. 5—TyYpicaL STReEss-STRAIN CURVES, TENSILE TEST 


TasBLe 3.—Average results of tensile tests of full section and arial crushing test for 
the different types of treatment 
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0 have were selected because they were available in a wide range of thicknesses 
A Ewing extensometer was used on an 8-inch gage length. The defor- 
mation was measured to 0.0002 inch by the smallest division and esti- 
mated to 0.00002 inch. 


The stress-strain curves for the nine specimens tested are shown in 
Fig. 5 and the numerical results are given in Table 4. 


ibe are 
F treat- 


1 from 
| tubes & 3. AXIAL CRUSHING TEST 


This test was made on all tubes of 1 to 3 inches outside diameter, 
inclusive. 


The specimens, 2% inches long, were cut from the tube in a lathe 
and loaded longitudinally in a testing machine. The moving head of 
the machine applied its force through a spherical bearing. The speed 





est for Fic. 6—TyPicaL CrusH SPECIMENS 


fs Tube number 10 11 12 47 49 
a ype of treatment.... As welded Swaged Swaged- Rolled Hard rolled 
_—_ annealed 


of the moving head was 0.11 inch per minute, and as the ultimate load 
was reached the specimen started to crinkle. The speed was then in- 
reased to 0.44 inch per minute and the test completed by crushing the 
whole specimen into folds. The results are given in Table 2. 


A few typical specimens are shown in Fig. 6. The weld is nearest 
the observer, and a segment is cut away to show a section of the folded 
metal. 

4. TORSION TEST 

This test was made on swaged and rolled tubes of 1 to 3 inches out- 
side diameter, inclusive. The total length of each specimen was 43 

iches and the gage length was 30 inches. Mandrels which fitted the 

iside of the tube were inserted into each end of the specimen to prevent 
ne tube from being crushed between the jaws of the torsion machine. 


Fig. 7 shows the torsion machine with a specimen under test. Fig. 8 
hows the twist-measuring instrument assembled on a specimen. With 
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specimen A in the torsion machine the ring B, supporting the pointers, 
and the ring C, supporting the arcs, are spaced and held perpendicular 
to the specimen by pressing them against the end faces of jig D when it 
is resting on the specimen on its V-shaped ends. The rings are made 
concentric with the. tube by adjusting three radial screws, having square 
ends, set 120 deg. apart in the ring. Between the square-ended screws are 
sharp-pointed screws similarly spaced, which are screwed down against 
the tube so the ring cannot turn on the tube. The jig is then removed, 
and the balanced pointer E set into a semicircular groove at the end of 
the supporting arm and made secure by thumbscrew F. The small glass 
G, with a horizontal hairline, is attached to the end of the balanced 





Fic, 7—ToORSION MACHINE WITH A SPECIMEN UNDER TEST 


pointer by means of a thin flat spring. The spring keeps the glass against 
the 6-inch flexible scale H, which is held on the aluminum arc by brass 
clips. The two sides of the instrument are similar. 


The distance between the points of the screws in the two rings when 
spaced on the specimen by jig D is 30 inches. This is the gage length 
The distance between the axis of the specimen, when the specimen |s 
concentric with the ring, and the outside face of the flexible scale is 
19 inches. The arms extending from the rings and the pointers are 
l-inch and %-inch steel tubes, respectively; both are about 0.028 inch in 
thickness. : 


The scales were graduated to 0.01 inch. By using a magnifying 
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glass the readings were made to 0.001 inch. The two scale readings 
were taken simultaneously for each increment of applied torque until 
the yield point was reached. The instrument was then dismantled 
by removing the balanced pointers and loosening the screws in the 
rings. The torque was increased to obtain the ultimate strength, 

















TaBLE 4.—Regsulis of tensile tests of full section to obtaw stress-strain curves 
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and the specimen was twisted until it buckled and bent too muc! 
keep the weighing head of the machine in line. 


None of the torsion specimens showed any fracture in the weld. 
9 shows some of the torsion specimens. 

For circular tubes the stress in the extreme fiber at the proportional 
limit is calculated from the formula 


to 


Fig 


Tc 
pew ! 


in which S is the stress, 7 the torque, c the outside radius of the tube. 
and J the polar moment of inertia calculated from the formula 
etl 3.1416 (D* — d‘) 
32 
in which D is the outside diameter and d the inside diameter of the 





‘ T : : 
tube. Fig. 10 shows values of - plotted against shearing strain 


at the surface, and the numerical results are given in Table 5. It 


may be pointed out that values of - above the proportional limit d 











Fic. 9—TYPICAL TorRsION SPECIMENS 
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not represent stress in the extreme fiber unless the tube is sufficiently 
thin to justify assuming a uniform distribution of shearing stress 
across the thickness of the tube. 


The modulus of elasticity in torsion may be calculated from the 
formula 
ee 


a 


uUu 


in which G is the modulus of elasticity, S the proportional limit, and u 
the shearing strain at the proportional limit. 


0%) 





moped Rolied Phar’ rolled 
Shearing strain of rur face-in/im. 


Te 
Fic. 10—RELATION oF —— TO SHEARING STRAIN AT SURFACE, TORSION TEST 
J 


5. HYDROSTATIC TEST 


This test was made on tubes 1 inch and 2 inches in outside diameter, 
because tubes of these sizes are made in a wide range of wall thicknesses 
and in all types of treatment. The specimens were 17 inches long and 
cut to length with a hack saw. 


The fixtures for closing the ends of the 2-inch tubes are shown in Fig. 
\1. Spanner wrenches A are used to screw the shell F over the grip 
2, thereby forcing the inside-tapered ring C over the tapered segments 
f the grip. The thin ring D is of bronze, which reduces the friction, 
| the ring EB is a filler which in effect increases the length of C and 
irs on a shoulder on the inside of shell F. The inside of the segments 
' grip B have circumferential ribs which fit between the ribs on the 
lid plug G when in place on the tube. As the shell is screwed over 
e grip, the wall of the tube is compressed between the segments of 
ip C and plug G, making a tight joint and preventing the plug from 
pping. Leaks around the plug are prevented by wrapping a layer of 
iction tape between the ribs. 
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Taste 5.—Resulis of torsion tests 





Nominal size 


iif 





iif 





‘ 


Outside 
diameter 





E 








f 


age aaee B3Ra 2888 Seeas 22852" 
$ 
: 
S 
3 


~~ 
oes ot OR 
S888 FREE 
rr! 

-b 

Pseyroys' 

— 
£3 #8853° 


$888 8588 


PSS Seep 
a 
oS 


S288 388s 
Bb FREE BE 


BSRSS ERBRE 
2228 22888 885 


8 88888 835 


SRam pegs ppr 
4 
Fee 


PSS SP 
A 


esse sets £5 
Pl okarkart 
ee 


ww ornrn ones | pa 
3 B85 


= 
EBBS BBPP 


& 
= 


hNownwrhy 
—~ oe 
PASS 


SP 
t= FRES BRE 
Eek FSS 


ZBSS S888 SE22 8888 & 


13, 
16, 
9 
9, 
17, 
25, 
25, 
2B, 
32, 
33, 
25, 


730 
050 
960 
190 
753 
870 
920 
33, 600 


carr 





250 
600 
600 
500 
600 
500 
000 
000 
800 
000 
500 
200 
600 
400 
000 
400 
800 


$888 8832 8383 835 


0 
270 
530 
040 
870 
200 
270 
300 

17, 940 
360 
730 
$80 
460 
860 
430 
680 


29, 
2, 
2, 
20, 
20, 21, 
18, 2, 
2, B, 


—e 
rp 


3 


























1 Shearing stress in extreme fiber S= Te/J. 
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Type of treatment 





powaees. 
Swaged-annealed. 

















The other fixture / is similar and is assembled as shown on specimen 
K. The plug on the inside of the tube has a small hole drilled through 
its axis and is tapped for a connection with the copper tube H which 
connects to a pump. Specimen J has been annealed at the ends to make 
the gripping easier. 


The same fixtures were used for testing 1l-inch tubes, except that 
an adapter was fastened on the inside of the 2-inch grips. A different 
set of plugs was used for each thickness of wall. 


After the ends of the specimen were closed, care was taken to fill 
the specimen with water to remove ail the air. The copper tube was 
then connected to the pump as shown in Fig. 12. The pressure was 
increased slowly until the tube fractured. 


A check valve below the pressure gage retained the maximum press re 
on the gage and prevented rapid return of the needle when the tude 
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fractured. A release valve was used to release the pressure on the gage. 
The rated capacity of the pump was 10,000 Ibs./in.” 


After the grips were released, the plugs were still held in the tube 


FIXTURES FOR CLOSING THE ENDS OF 2 INCH TUBES 
FOR HYDROSTATIC TEST 





. 12—Hyprostatic TesTING EQUIPMENT 
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because the metal had been compressed beetween the ribs of the plugs 
The plugs were removed by pulling them out in a testing machine. 
The bursting strengths, given in Table 6, were calculated from th: 
formula 
Pd 
—_ 


in which S is the bursting strength, P the bursting pressure, 


TaBLe 6.—Results of hydrostatic iest 
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Rolled. 
Cut-burr. 
Hard-rolled. 














1 The pressure required to produes fracture was above the capacity of the pump. 
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inside diameter, and ¢ the wall thickness. The diameter d is the inside 
diameter of the tube before pressure was applied. On account of the 
ductility of most of the tubes the diameter d increased considerably 
before fracture occurred. If the bursting strength had been calculated 
from the actual diameter just before rupture it would have been higher, 
but this increase has no structural significance. 


In this test there was a combination of longitudinal and transverse 
stresses, or two tensile stresses at right angles to each other. This con- 
dition tends to increase the bursting strength and accounts partly (prob- 
ably largely) for the increase of bursting strength over the tensile 
strength of circumferential strips. 


The shortest distance, along the circumference, between the fracture 
and weld is given in Table 6. Fig. 13 shows the positions of the frac- 


Ficure 13.— Diagram show- 
ing thelocation of fractures 
in hydrostatic specimens 

The tube number for each speci- 

men is given on a radial line in- 
dicating the location of the frac- 
ture with respect to the weld 





1-inch Tules Types of treatment] Tube numbers 





As-welded__..._...| 34, 63, 97, 31, 93, 
72 | 10, 91. 


48 197 Cut-burr-. 

{ 

i2 10 {6 | i, 90, 70, 
Swaged-annealed__| a 30, 75, 12, 


43, 44, 108, 109, 
47, 48, 51, 50, 
| 106. 
Hard-rolled_.. --| 49, 107. 





2-inch fubes 


es relative to the weld, and Fig. 14 shows graphically the bursting 
ngths and positions of fracture. The concentration of failures on 
er side of the weld and opposite the weld, as shown in Fig. 13, is in 
rdance with what may be expected from theoretical considerations 
the welded portion of the tube has a higher yield point and conse- 
ntly is stiffer than the rest of the tube after plastic deformation 
ins." That this condition is a fact is shown (1) by the higher Rock- 


Ostenfeld, Teknisk Elasticitetslaere, 4th ed., Copenhagen, 1924, pp 518 ff oO! A. E 
ve, The Mathematical Theory of Elasticity, 4th ed., Cambridge, 1927, Art. 274, 
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Fieure 14.—Graph showing the relation of bursting strength to location 
fracture, paw eet Rare Ps q 


TaBLE 7.—Resulis of tensile tests of circumferential strips ijupered with resulis 
of hydrostatic test 
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well numbers in the welded portion, indicating a higher ultimate strength 
and probably a higher yield point, inasmuch as the material in the welded 
portion and in the rest of the tube is similar and (2) by the tests on the 
circumferential strip which yielded outside the welded portion in every 
case except in the case of the swaged-annealed tubing. 


The 2-inch hydrostatic specimens are shown in Fig. 15. Some of the 1 
and 2 inch hydrostatic specimens are shown in Figs. 16 and 17 in greater 
detail. 

6. TENSILE TEST OF WELD 

This test was made on tubes 2 inches in outside diameter, because 
this size when cut and opened into a strip would form a specimen long 
enough for milling a reduced section. (See Fig. 18.) 

To compare the tensile strength of the base metal and of the welds, simi- 





50 49 S| 70 71 72 9! 48 90 10 Wi i2 47 60 











Fic. 15—-HYDROSTATIC SPECIMENS OF 2-INCH TUBES 





AAS WELDED 
8 = SWAGED 
C = ANNEALED 
0 = ROLLED 
€ = CUT BURR 
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Fic. 16—FRACTURED PORTION OF SOME 1-INCH HYDROSTATIC SPECIMENS 
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lar specimens were prepared, some having no welds, others having welds 
at the middle of the reduced section. 


The tubes were chucked in a lathe and rings 114 inches long cut from 
the end. Some of the rings from each tube were cut at the weld paralle! 
to the axis; others were cut diametrically opposite the weld. The rings 
were straightened and tensile specimens having a reduced section, three- 
fourths inch wide, machined from them. These untested specimens are 
shown in Fig. 18 above some of the tested specimens. The burrs on some 
of the welded specimens from as-welded and cut-burr tubes were ground 
off to make the thickness of the specimen uniform at the weld. This 
eliminated any additional strength at the weld due to the increase of 
cross-sectional area formed by the small burr. 


The average tensile strength and the position of fracture are given in 
Table 7 for comparison with the results of the hydrostatic test of the 
same tube. Fig. 18 shows one welded specimen from each of the tubes 
tested, excepting tubes 106 and 107. 
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7. HARDNESS 


The hardness of the tubing was determined by the Rockwell machine 
using a 1/16-inch steel ball and a 100-kg load. About 10 indentations 
were uniformly distributed around a short specimen cut from the length, 
one indentation being made on the weld. The average of these Rockwell 
numbers was taken as the hardness of the tube. 


The Rockwell number for each tube is shown in Table 2, and the ; 
age Rockwell numbers for the different types of treatment are shown 
Table 8. 

TABLE 8 
Results of Hardness Test for the Different Types of Treatmen‘ 
Number’ Rock- Number 
of Tubes’ well of Tubes 
Types of Treatment Tested No. Types of Treatment Tested 
As-welded 66.6 Rolled 
64.3 Hard-rolled 
72.2 Swaged-annealed . 
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Since high Rockwell numbers were found at the weld, a few speci- 
mens of tubing having an outside diameter of 2 inches were selected 
for a special study of the variation in Rockwell numbers around the 
tube. The short specimen ws cut longitudinally into three segments. 
Each segment was placed on the bearing block so as to make the inden- 
tations on the inside and along a helical line around the tube, the inden- 
tations being spaced about one-thirty-second inch circumferentially. The 
results are shown in Fig. 19. 


Similar readings were not made upon tubes of other diameters because 
it was believed that the readings on the 2-inch tubes, having medium 
thick walls, showed the variations in Rockwell numbers which might be 
expected in any tubing made by the same process. 














Fic, 18—TENSILe SPECIMENS FROM CIRCUMFERENTIAL 
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G. 19—VARIATION OF HARDNESS (ROCKWELL NUMBERS) AROUND CIRCUMFERENCE 
or TUBES 














JOURNAL OF THE A. W. S. [October 


8. FLANGING TEST 


The flanging equipment was designed as recommended in the 
A. S. T. M. specifications A-83-27 for flanging tests, except that the 
flaring tool, as shown in Fig. 20, was made large enough to form the 
maximum possible flange on 1 and 2 inch tubes. 


Specimens, about 4% inches long, were cut from the tube in a lathe 
The specimen extended out of the die block (Fig. 20) about three-fourths 
inch when both were resting on a flat surface on the weighing tab 
of the testing machine. The flaring tool was placed in the end of the 
specimen and forced down by the moving head of the machine until the 
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Fig. 20—TyYPICAL FLANGE SPECIMENS AND EQUIPMENT USED IN TEST 


flare reached the die block. The flaring tool was then removed and 
the flange was completed by forcing the flared section flat against the 
die block by means of a flat surface in the moving head of the machine. 


If the flange fractured it was cut off as nearly square as possible with 
a hack saw. Fillers were then placed in the die block to support the 
specimen on its lathe-cut end and to allow it to extend out of the die 
block an amount estimated to give a flange without fracture. If the 
flange did not fracture the same procedure was followed to obtain a larger 
flange. 


The testing machine was not used to determine the applied load but to 
obtain a constant speed of 0.44 inch per minute. 
Table 9 shows the width of the flange as measured from the ouiside 


of the tube. Fig. 20 shows some of the typical specimens and the euip- 
ment used. 
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TaBLe 9.—Resulis of flanging test 
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9. MIcROSCOPIC EXAMINATION 


For the purpose of examining microscopically the structure of the 
metal of the tubing at the weld and at a distance from the weld, specimens 
were cut from as-welded, swaged, swaged-annealed, rolled, and hard- 
rolled tubes. The faces of these specimens corresponding tc the cross 
section of the tubes were polished, etched with a 5 per cent solution of 
picric acid in aleohol, and examined under the microscope. 

rigs. 21 to 25, inclusive, are micrographs, taken at the magnifications 
ndicated, showing typical features noted in the microstructure of these 

imens and discussed in the following paragraphs. 


(he metal at the weld has a distinctly different structure from that 
tside of the zone affected by the heat of welding, but there is no indi- 
tion that the metal has been overheated or burned. Figs. 21 A, B and 
show, respectively, the structure of the metal in an as-welded tube 
cimen at the weld, immediately adjacent to the weld, and the portion 


( 
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of the tube opposite to the weld. The dark-colored patches shown at a 
low magnification in these micrographs, some as fuzzy masses and others 
as sharply outlined specks, are carbon-bearing areas. Those areas present 
at the weld were noted at higher magnifications to be usually grains of 
sorbitic pearlite. The size of the ferrite grains (colorless) noted in the 
metal usually at or near the weld, are in some specimens larger than in 
the base metal. This is apparent in Fig. 22. Several specimens showed 
a decided absence of carbon-bearing areas, even in the portion of the 
tube opposite to the weld, as illustrated in Fig. 22 B. This is sometimes 
found in low-carbon steel. 








Photographs reduced to 2/3 original size 


Fic. 21—MICROSTRUCTURE OF SPECIMEN OF AS WELDED TUBE, TAKEN AT THREE LocA- 
TIONS IN CROSS SECTION. xX 60 


A. At the weld. Note the fuzzy dark-appearing patches which are the carbon bearing 

areas. B. Immediately adjacent to the weld. The upper half containing the sharply 

outlined dark specks is adjacent to the weld. C. pposite to the weld. Normal 

structure of the unaffected metal. Etchant: 5 per cent solution of picric acid in 

alcohol (for Figs. 21-25, inclusive). (Tube No. 10: 2 inches outside diameter; wal! 
thickness 0.035 inch) 


ws 


tt ae 








Photographs reduced to 60 per cent of original size 
Fig. 22—-MICROSTRUCTURE OF SPECIMEN OF AS WELDED 
TUBE, TAKEN AT Two LOCATIONS IN Cross SECTION. X 100 


A. At the weld. B. Opposite to the weld. (Tube No. 93: 
1 inch outside diameter; wall thickness 0.065 inch) 
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Figs. 22 A and 23 show the line of weld in as-welded and swaged 
tubes having a wall thickness of 0.065 inch. The mechanical tests show 
that there was no indication of weakness at the weld even for the tubes 
the photomicrographs of which showed a line at the weld. In all cases the 
merging together of the metal at the weld joint appears to have been 
quite complete. 


Fic. 23 -— MICROSTRUCTURE Of SPECIMEN OF 
SWAGED TUBE, TAKEN IN CROSS SECTION AT 
THB WELD x 100 
Note the appearent distortion of the metal 
at the line of weld, as evidenced by the ar- 
rangement of the dark-colored patches. ( Tube 
No. 92: 1 inch outside diameter; wall thick 
ness 0.065 inch) 


Photograph reduced about 60 per cent of 
original size 


Fic. 24—— MICROSTRUCTURE OF SPECIMEN 0} 
SWAGED-ANNEALED TUBE, TAKEN IN CROSS 
SECTION AT THE WELD x 100 
The line of weld appears to have been affected 
by the annealing treatment following the 
swaging operation. (Tube No. 12: 2 inches 
outside diameter; wall thickness 0.035 inch) 


Photograph reduced about 60 ver cent of 
original size 








The annealing following the swaging operation in the swaged-annealed 
tube appears to have removed in a quite effective manner the effect pro- 
duced by the welding upon the structure of the metal at and near the 
weld and to have produced a quite uniform structure throughout the tube 
section. Fig. 24 shows the structure of the metal at the weld in a tube 
having a wall thickness of 0.035 inch; this structure is not much different 
from that in the portion of the tube opposite to the weld. The 0.065 inch 
thick tubing showed similar results. 


in the rolled tubes the ferrite grains at and near the weld were 
elongated by the rolling, while those in the portions outside of the weld 
zone and the area covered by the rolling operation appeared to have been 


1) 
{ 


ffected; that is, they remained more or less equiaxed. Figs. 25 A 
aid B are typical of these two structures. 


VI. DISCUSSION 
1. VARIATION OF OUTSIDE DIAMETER 


‘he swaged tubes had the most nearly constant outside diameter, as 
vn in Fig. 8. The maximum difference of the four measurements was 
'8 inch, and 88 per cent of these tubes had a maximum difference of 
' 0.003 inch. 
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The maximum difference of outside diameter of the rolled tubes was 
6.009 inch, and 78 per cent had a maximum difference of 0.006 inch. 


The maximum difference of outside diameter of the swaged-annealed 
tubes was 0.018 inch, and 85 per cent had a maximum difference of 0.006 
inch. 


2. VARIATION OF THICKNESS OF WALL 


Because of the uniformity of thickness with which strip steel can be 
rolled, the finished tube will also have this uniformity. 


With the exception of the welds in the as-welded, cut-burr, and rolled 

















Photographs reduced to about 60 per cent of original size 


Fic. 25—-MICROSTRUCTURE OF SPECIMEN OF ROLLED TUBE, 
TAKEN AT Two LocaTIONS IN CROSS SECTION. 100 


A. At the weld. B. 90° from the weld. The ferrite grains 
at the weld appear deformed while those in the portions 
away from the weld have been unaffected; that is, are in 
a more or less equiaxed condition. (Tube No, 108; 1 
inch outside diameter; wall thickness 0.049 inch) 


tubes, but including the weld in swaged and swaged-annealed tubes, the 
maximum difference in thickness of wall was 0.003 inch; 93 per cent 
showed a maximum difference of 0.002 inch and 57 per cent a maximum 
difference of 0.001 inch. 


3. TENSILE TEST OF FULL SECTION 


By varying the cold working a wide range of strengths can be obtained 
without appreciable change in the carbon content of the steel. 


The hard-rolled tubes had, on an average, the highest tensile strength 
and the lowest elongation. The swaged and the rolled tubes had prac- 
tically the same tensile strength. The swaged-annealed tubes had 4 
lower tensile strength and a lower ratio of yield point to tensile strength 
but a considerable increase in elongation. This is shown in Table 3. 


4. AXIAL CRUSHING TEST 


Cracks showed in some of the specimens at the weld on the outside 
edges of the folds, and these cracks seemed to be due, in most cases, t0 
the difference in ductility between the weld and the base metal. 
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The hard-rolled tubes, Nos. 104 and 107, had a high ratio of yield 
point to ultimate strength and a low elongation in the tensile test. In 
axial crushing test these specimens failed by leaning over and crinkling 
locally at the top and the bottom on opposite sides of the specimen. This 
is probably due to the high ratio of yield point to ultimate strength and 
low ductility in compression. 


5. TORSION TEST 


In most of the tubes the failure occurred by buckling of the thin wall 
for a comparatively short distance. This failure is shown in Fig. 9 for 
tubes Nos. 47, 58, and 61, and for these thin tubes may be explained by the 
compressive stresses on planes making an angle of approximately 45 deg. 
with the axis. 


In the tubes with thicker walls, for example, tube No. 84, the tube 
keeps its circular cross section and the specimen twists quite uniformly 
along its entire length. 


The buckling did not begin at the weld of any of the specimens. None 
of the specimens fractured in the weld or in the base metal. 


6. HYDROSTATIC TEST 


The bursting strength of the tube was higher than the tensile 
strength of the circumferential strips cut from the tube. This increase 
of strength is probably due largely to the combination of longitudinal 
and transverse tensile stresses. 


With the exception of the annealed tubes, only one specimen, rolled 
tube No. 48, fractured in the weld. The bursting strength of this tube 
was higher than that of a number of other rolled tubes which fractured 
outside of the weld. 


Of the annealed tubes, one specimen, tube No. 33, fractured outside of 
the weld. The average bursting strength of the remainder was about 90 
per cent of the bursting strength of the annealed specimen which did 
not fracture in the weld. This indicates that the annealing process 


reduces the strength of the weld about 10 per cent below that of the 
base metal. 


Except for the annealed tubes, the locations of the fractures did 
not bear any definite relation to the welds. There is therefore no zone 
of weakness in the tube due to the welding operation. 


7. TENSILE TEST OF WELD 


There was not a complete agreement of the position of fracture in 

s test with the position in the hydrostatic test. The hydrostatic speci- 
en of tube No. 48 fractured in the weld, and all the circumferential 
trips fractured outside of the weld. 


‘he fracture did not occur in the weld of any of the strips from as- 
‘ded or cut-burr tubes, nor did the fracture occur in the weld of any 
the strips with the burrs ground off to make the thickness uniform 
the weld. This showed that with the burr removed the weld was 
ially as strong as other elements of the tube in the reduced section. 
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The annealed specimens which fractured in the weld had a tensik 
strength equivalent to about 93 per cent of the base metal as determined 
by testing strips with the weld outside of the reduced section. 


With the weld in the center as well as outside of the reduced section, 
comparative tensile strengths were obtained around the tube. Thes 
strengths did not indicate any zone of weakness near the weld. 


8. HARDNESS 


The curves showing the variation of hardness around the tube indicat 
that the welding operation slightly increases the hardness at the weld. 


The swaging and rolling operations increase the hardness of the tube, 
and the hardness of the weld is correspondingly increased. There was 
no decrease of hardness adjacent to the weld of any of the tubes, but ar 
increase at the weld as shown in Fig. 19. The hardness at the weld of 
the annealed tubes is practically the same as the hardness of the tube 


9. FLANGING TEST 


The width of the flange is not a definite measure of the ductility of th: 
tube at right angles to the axis because of the unknown factors whic! 
entered into this test. One of the unknown factors is the friction betwee: 
the tube and the flaring tool, which seems to vary for the different tubes 
Another factor is the compressive strength of the tube, for a number of 
the tubes started to crinkle below the flaring tool, due to the axial load, 
before the maximum flange could be formed. 


VII. CONCLUSIONS 


This investigation was made for the purpose of determining the 
physical properties of low carbon steel tubing. The tubing was formed 
from strip steel and electrically welded under pressure by the resistance 
method. The tubes varied in outside diameter from five-eighths inch t 
3 inches and in wall thickness from 0.028 to 0.120 inch, inclusive. The 
results seem to warrant the following conclusions: 


1. The maximum difference in the outside diameter of the swaged tubes 
(four measurements at 45 deg. intervals) was 0.008 inch, and 88 per 
cent of these tubes did not exceed 0.003 inch; for the rolled tubes the 
maximum difference was 0.009 inch, and 78 per cent did not exceed ().((6 
inch; for the swaged-annealed tubes the maximum difference was ().()!5 
inch, and 85 per cent did not exceed 0.006 inch. 


2. With the exception of the welds of the as-welded, cut-burr, and rolled 
tubes, but including the weld of the swaged and swaged-annealed tubes 
the maximum difference of the four measurements of the wall thickness 
was 0.003 inch; 93 per cent did not exceed 0.002 inch, and 57 per cent 
did not exceed 0.001 inch. 


3. For the swaged-annealed tubes the tensile strength was gr: iter 
than the compressive strength. The average strengths are 51,000 |b. in 
in tension and 46,000 Ib./in.’ in compression. For the other tubes the 
strength was practically the same in tension and compression. The «er- 
age value for as-welded and cut-burr tubes is 54,000 Ib./in.,’ for sw zed 





the 
hich 
yeen 
bes 
r of 


oad, 


the 
med 
ance 
h to 
The 


ibes 
per 
the 
006 
018 


olled 
bes, 
ness 


ent 


1930] WELDED STEEL TUBING 47 


tubes 58,000 Ib./in.,’ for rolled tubes 56,000 Ib./in,’ and for hard-rolled 
tubes 74,000 Ib./in.* 


The average yield point in tension of the as-welded and cut-burr tubes 
was about 90 per cent of their average tensile strengths (minimum, 76 
per cent), swaged tubes about 93 per cent (minimum, 83 per cent), 
rolled tubes about 91 per cent (minimum, 83 per cent), hard-rolled about 
95 per cent (minimum, 93 per cent), and swaged-annealed tubes about 
71 per cent (minimum, 67 per cent). 


The average elongation of as-welded and cut-burr tubes in 2 inches 


_ 


was about 34 per cent and in 8 inches 20 per cent; of swaged tubes in 
2 inches 28 per cent and in 8 inches 12 per cent; of rolled tubes in 2 
inches 36 per cent and in 8 inches 15 per cent; of hard-rolled in 2 inches 
8 per cent and in 8 inches 3 per cent; of swaged-annealed tubes in 2 


inches 48 per cent and in 8 inches 31 per cent. 


4. In the torsion test the average shearing stress in the extreme 
fibers at the proportional limit for the swaged tubes was 22,610 Ib./in..,’ 
for the rolled tubes 22,190 Ib./in.,° and for the hard-rolled tubes 30,310 
lb./in.’ No fracture occurred in the weld or in the base metal of any of 


the specimens even when twisting was continued after the ultimate torque 
was reached. 


5. In the hydrostatic test the average bursting strength of 10 as-welded 
and cut-burr tubes was 60,060 Ib./in.,* of 9 swaged tubes 62,550 Ib./in..,” 
{ 9 rolled tubes 59,800 Ib./in.,* of 2 hard-rolled tubes 79,950 Ib. /in.,’ and of 
6 swaged-annealed tubes 47,840 Ib./in.* The bursting strengths of the tubes 
which failed near the weld were practically the same as those of the tubes 
which failed at a distance from the weld. The average bursting strength 
of the five swaged-annealed tubes that fractured in the weld was about 


%0 per cent of the bursting strength of the tube that fractured outside of 
the weld. 


6. The average tensile strength of the circumferential strips cut from 
the tube was practically the same as the longitudinal tensile strength 
of the tube. An exception to this was the tensile strength of the strips 
from the two swaged-annealed tubes that fractured in the weld, and the 
average strength of these was about 93 per cent of the strength of the 
base metal. 


7. The average Rockwell number, using a 1/16-inch steel ball and a 
\00-kg load, was about 65 for as-welded and cut-burr tubes, 73 for swaged 
ind rolled tubes, 86 for hard-rolled tubes, and 54 for swaged-annealed 
tubes. There was a gradual increase of hardness near the weld of all 

es excepting the swaged-annealed, which were practically uniform. 

‘. The microscopic examination showed that there was no overheating 

burning of the metal at the weld. The edges at the seam were heated 

the welding temperature and immediately forced together. Apparently 
re are no more inclusions at the weld than in the base metal. 


¥. This investigation shows that, except in the case of swaged-annealed 
ing, the properties of the base metal (the metal not affected by the 
iding operation) can be used in determining the working stresses for 
‘ferent structural uses of tubing made by the process used in the manu- 
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facture of this electrically welded tubing, no allowance being necessary 
for the altered structure in and adjacent to the weld. The properties at 
and near the weld for annealed tubing are sometimes slightly lower than 
the properties for the base metal. 


A Study of Welded Metals Under 
Fatigue Tests * 
By G. E. THORNTON+t 


OBJECT 


YTNHE object of the tests undertaken in this work was for the purpose 

of comparing the different types of welds in which a flexure of the 
specimen occurs when subjected to continued series of stress reversals. 
Such a condition is present in a member under continuous or spasmodic 
vibration. 


The tests were undertaken by the Department of Mechanical Engineer- 
ing at the State College of Washington in cooperation with the American 
Bureau of Welding. 


The field covered in this work consists of tests of oxyacetylene, resist- 
ance welds, and flash welds, and some work on atomic hydrogen and 


metallic arc welds. 
APPARATUS 


The apparatus used in connection with this work consisted of a bank 
of seven Farmer Type rotating beam testing machines. The construc- 
tion of the machines was the construction usually employed when testing 
a short specimen. 


The specimen A, Figure I, reduced at the center and tapered at the 
ends, was pressed into the end of the spindle which was machined to fit 
the end of the specimen. The specimen was securely held to the spindle 
at each end by means of a 44-inch machine screw. 


The two spindles with the specimen securely fastened between them 
were free to rotate in the set of four roller bearings, C DE F. Two of 
these bearings, C F, were mounted at the ends on trunnions resting in the 
slots on the end brackets X Y. The other two bearings with connecting 
cross bars formed a yoke which supported the weight W. 


By varying the weight W any desired stress could be placed on the 
specimen to be tested. 


The specimens were rotated by a one-fourth h.p. motor M direct con- 
nected by a universal coupling to the spindles holding the specimens 


The machine was shut down as soon as the specimen failed by means 
of a drop switch on the shaft holding the weight. 
* Paper to be presented at Fall Meeting, A. W. S., Cyeeee, September, 1930. Report 


rendered to Fundamental Research Committee, A. B 
+ State College of Washington. 
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The number of reversals which each specimen completed was recorded 
upon a speed counter R connected to the end of the spindle opposite the 
driving motor. 

SPECIMENS 


The specimens for test were furnished by the General Electric Com- 
pany, Union Carbide and Carbon Company, Air Reduction Sales Corpo- 
ration, American Chain Company, and the welding shops of the Depart- 
ment of Mechanical Engineering, State College of Washington. 



























































Fic. 1—LINE DRAWING SHOWING CONSTRUCTION OF FARMER TYPE ROTATING BEAM 
TESTING MACHINES USED IN FATIGUE TESTS 


The specimens were made up by cutting cross sections from a test 
coupon formed by welding two 34-inch by 2'-inch-bars of fire box steel 
24 inches long, as shown in Figure IV. 


The sections cut from the coupon were %4 inch square and 5 inches long 
These small sections were then turned down to 4 inch diameter and the 
center section reduced to .400 inch diameter (Figure V). The center 
section was reduced for the purpose of causing the specimen to fail in 
the weld. This procedure was successful in concentrating the flexure of 
the specimen at the weld and thus gave a means of comparison between 
the different types of welds. 


The specimens were highly polished at the reduced section in order to 
eliminate the possibility of small depressions inducing failure when sub- 
jected to a bending stress. 


The specimens were carefully placed in the rotating beam and fastened 
to the spindle to give a true, even rotation without vibration. The speed 


of rotation, 1750 r.p.m., was such that no whip was produced in the short 
specimen. 


The same procedure was carried through for each of the tests on the 
various types of welds. 


In determining a policy of securing specimens it was decided to test 
the small specimens in fatigue instead of the large specimens as advo- 
cated by some companies. 
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It was decided to obtain a true cross-section of the welding field by 
soliciting welded coupons from companies doing different types of weld- 
ing. The average of these tests gives a lower result than would be 
obtained if one experienced man was doing all the welding with the 
knowledge that his welds were to be tested for test data. 





The author feels that this cross-section of the entire field is much more § th 
of an indication of what to expect from welds than the best results ob- 
tained by any one individual. 














Fic. 2—CLose-UPp View or FARMER TYPE ROTATING BEAM FATIGUE TESTIN 
MACHINE. NOTICE METHOD OF CONSTRUCTION BY WELDING 











Fic. 3—BANK oF Srx FatTiGueE MACHINES USED IN OBTAINING DATA 
FATIGUE OF WELDS. SAME CONSTRUCTION AS SHOWN IN Fic. 2 
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DATA 


The determination of the stress and loads for the specimens used in the 
fatigue tests for rotating beam machines was calculated as for a simple 


beam supported at each end with two concentrated loads equidistant from 
the center. 


The weight of the bushings, bearings, and yokes was considered in the 
weight W, necessary to produce the stress. The total weight of the 
bushings, bearings, and yoke was considered as being located one-half 
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Fic. 4—METHOD OF MAKING Up COUPONS FROM WHICH SPECIMENS 
WERE CUT 


400° 









































Taper / “fo/-o°. 


Fic. 5—LInge DRAWING OF FATIGUE SPECIMEN USED IN Tests 


at either end of the yoke. The weight of the beam itself, being small. 
was neglected. 


(he trunnions supporting the ball bearings were set on a flat face to 
“ive as near line contact as possible, thus reducing friction to a negligible 
amount. By use of ball bearings the torsional stress applied to the speci- 
mn also beeame very small and was neglected in stress load calculations. 


; ata on representative samples taken from test coupons is given below 
‘or the type of weld indicated. 
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Oxy-Acetylene Weld, Single V, Low Carbon Rod. 
Acetylene 1.14 


Al Series—See Graph A 


Stress Specimen 
25,000 

25,000 

22,500 

22,500 

22,5007 

21,500 

20,000 

17,500 

17,500 

15,000 

15,500 

12,500* . 
12,500* 


SEW MO ROMA 


* Specimens did not break. 
+ Not included in average. 
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Ratio of Oxygen to 


Cycles for Failure 
138,700 
102,500 
565,000 
546,000 

31,000 
600,000 
822,000 

3,600,000 
4,080,000 
6,380,000 
6,120,000 
40,000,000 
40,000,000 


Oxy-Acetylene Weld, Double V, CR VA Rod. Ratio of Oxygen to Acetylene 1.08 


A6 Series—See Graph B 


Stress Specimen 
26,500 
26,500 
25,000 
25,000 
22,500 
22,500 
20,000 
20,000 
17,500 
17,500 
15,000 
15,000 
12,500* 
10,000* 


C 
H 
I 

J 

N 
G 
M 
F 
O 
D 
E 
L 
B 
N 


* Specimen did not break. , 
Resistance Weld 


AC Series—See Graph C 
Stress Specimen 
35,000 
32.500 
32,500 
30,000 
30.000 
30,000 
27,500 
27,500 
27,500 
26,000 
26,000 
25,000* 
22,.500* 
20,000* 
15,000* 
15,000* 


ROnMSYOroCNeZmwA 


* Specimen did not break. 


Cycles for Failure 
165,000 
152,000 
243,000 
248,000 
810,000 
790,000 

2,200,000 
7,080,000 
2,850,000 
3,120,000 
2,930,000 
5,280,000 
40,000,000 
40,000,000 


Cycles for Failure 
259,000 
560,000 
728,000 

3,100,000 
1,330,000 
1,900,000 
4,850,000 
9,900,000 
4,250,000 
16,100,000 
20,800,000 
40,000,000 
40,000,000 
40,000,000 
40,000,000 
40,000,000 
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Atomic Hydrogen Weld, Double V, 20 Amp. 50 V. Filler Rod 1/8” Cr. Va. 


Stress 
25,000 
25,000 
22,500 
22,500 
20,000 
20,000 
20,000 
20,000 
17,500 
17,500 
15,000 
15,000 
12,500* 
12,500* 


No. 3 Series—See Graph D 


Cycles for Failure 


1,090,000 
1,076,000 
1,540,000 
1,590,000 
1,760,000 
2,150,000 
1,850,000 
2,070,000 
4,460,000 
4,200,000 
5,960,000 
5,340,000 
40,000,000 
40,000,000 


* Specimen did not break. 
Note—Five specimens were eliminated from this group because of bad pits. 


Stress 
31,000 
30,000 
30,000 
29,000 
29,000 
27,000 
27,000 
25,000* 
25,000* 
23,000* 
23,000* 


Flash Weld 
AC Series—See Graph E 


Cycles for Failure 


598,420 
889,000 
1,520,000 
2,040,000 
2,519,000 
5,620,000 
12,820,000 
40,000,000 
40,000,000 
40,000,000 
40,000,000 


* Specimen did not break. 


Note—Two specimens in the group were bent in machining. 
from pits and hard spots. 


Entire group were fre¢ 


Metal Are Weld, Single V. 200 Amp. Using 1/8” Low Carbon Rod 
(2 layers) 


W1 Series—See Graph F 
Specimen 


A 
I 

Cc 
D 
H 
B 
E 
G 
F 


Stress 
25,000 
22,500 
22,500 
21,500 
20,000 
20,000 
17,500* 
15,000* 
12,500* 


* Specimen did not break. 


Note—Welds were made by an old experienced welder with the knowledge t 
work was to be tested. Method of procedure was left to welder. 


Cycles for Failur 
80,200 
1,400,000 
1,000,000 
2,050,000 
9,200,000 
8,400,000 
40,001,700 
100,000,000 
100,000,000 
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Metal Are Weld, Double V, Lukens Steel Plate, 210 Amp. 3/16” Rod (F) 
See Graph G 


Stress Specimen Cycle for Failure Ave. 
25,000 ; 1-2 262,140 
25,000 1-25 324,000 293,070 
20,000 1-6 407,240 
20,000 1-22 963,000 
20,000 655,750 
20,000 619,150 663,785 
17,500 725,900 
17,500 1,194,000 
17,500 986,000 968,630 
15,000 1,179,000 
15,000 2,094,000 
15,000 3,208,000 2,160,513 
12,500 3,495,760 
12,500 3,185,200 3,340,000 
10,0007 814,000 
10,000 3,958,000 
10,000 2,890,050 3,424,025 
7,500* 40,000,000 
7,500* 40,000,000 40,000,000 


+ Badly pitted, not included in average. Probably an end section. 
* Specimen did not break. 
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Note—Average tensile strength 60,524 lb. per sq. in. These welds were made in tw 
layers each side. The layers at the bottom of the V were made with a 5/32 ir 
electrode. 


Parent Metal 
Fire Box Steel—See Graph H 
15-20 A.S.M.E. Specification 


Stress Cycles for Failure 
45,000 34,700 
42,500 64,000 
42,500 71,000 
40,000 282,000 
40,000 204,000 
37,500 1,742,000 
37,500 292,000 
37,500 1,107,000 
35,000 5,742,000 
35,000 6,720,000 
32,500* 40,000,000 
32,500* 40,000,000 
30,000* 40,000,000 
30,000* 40,000,000 


* Specimen did not break. 
t Specimen bent. 


DISCUSSION OF GRAPHS 


The line in the graphs representing the results of fatigue at certain 
fixed stresses are by no means final and may be termed “trend lines’ for 
the different types of welds. These lines furnish a basis for determining 
what to expect from vibration when no appreciable whip of the specime! 
occurs and when the deflection caused by such vibration of the specime! 
is not excessive. 


The work in the metallic are group was not as satisfactory on the 
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whole as were the other groups. In the metallic arc welded specimens a 
larger number of pits and oxide spots were present than in the other 
types of welds. Some specimens in the metallic arc welded group ran 
high in endurance limit, while others ran very low. Those specimens 
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. Coupon as received from manufacturing company 
%-in. square bars sawed from coupons 
the % -in. square bars turned to % in. 
4 ). Center section of %4-in. specimen reduced 
. Specimen polished, tapered at ends and tapped for \-in. cap screw 
. Specimen after being broken in test machines 
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Fic. 7—PoOsITION OF LOADS AND DIAGRAMMATIC SKETCH FOR 
DETERMINING STRESSES 
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which showed pitting on the finished surface were excluded when making 
up the graphs. 


An attempt was made to secure a metallic arc welded specimen from 
an experienced welder with the knowledge that his welds were to be used 
in securing test data. The result of fatigue test of this series of samples 
is shown in Graph F. It is interesting to note that the welder, when 
left to his own method of procedure used 200 amp. with a % inch low 
carbon rod, employing a short arc. This method, while producing a strong 
weld as far as fatigue is concerned may not be an economical method of 
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making a commercial weld because of the time involved. The penetration 
i this weld was excellent and the deposited metal very uniform. 


| The resistance and flash welds gave high values for resisting undue 
‘atigue as shown by Graphs C and E, page 52 and 55 respectively. This 
explained by the fact that the welds were free from pits, and oxide 
pots. This is due to the process of making a butt weld. The arc pro- 
iced in the welding operation excludes the formation of oxides and the 
rmation of pockets from included gases. The welded metal is neces- 
rily the same as the parent metal since no electrode or filter rod is 
ed. A comparison between the welded metal and parent metal is well 
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illustrated by comparing the micrographs, Fig. 11, page 63. The light 
vertical streak through the central part of the upper micrographs shows 
the weld area. In this welded specimen this area is confined to a dix 
about 1/50 of an inch in thickness standing perpendicular to axis of 
specimen. There is a difference, however, in the hardness of the metal 
in the light streak representing the welded metal in comparison with 
that of the parent metal. This difference in hardness averaged about 
20 points higher on the Rockwell B scale in the weld area than in the 


B - Parent Metal next 
to weld line (95 X) 





C - Parent metal effected D - Parent Metal 
by heat from weld (95 X) (96 x) 





Fic. 8—MeETAL ARC WELD IN BETHLEHEM STHEL (C .16 PER CENT, MN .49 ! 
CENT) USING A ¥-IN. ELECTRODE WITH A CURRENT OF 195 AMP. 
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In the high carbon steels, 


butt welded, there was noted a difference of 165 points on the Brinell 


Scale between the weld area and the parent metal. 


much the harder of the two. 


The weld area was 


The trend line in Graph D, page 55, for atomic hydrogen is close to the 


average of 3 samples presented and is not complete. 








B - Parent Metal next 
to weld line (95 X) 
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This type of weld 
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D - Parent metal (95 X) 


C --Parent metal effected by 
heat from weld (95 X): 








19 PER 
WITH A 


16 Per CENT, MN 
ELECTRODES 


MiG. 9—AToMIC HYDROGEN WELD IN BETHLEHEM STEEL (C 
ENT) USING %-IN. Low CarBom Rop wiITH %-IN. TUNGSTEN 
CURRENT OF 55 AMP. 
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seems to have a higher endurance limit for the higher stresses than «& 
either the metal are or acetylene welding. 


This, however, remains to 
be shown by a further series of tests. 


Graph I, page 59, shows the entire group of trend lines plotted to th: 
same scale and gives a general idea of the amount of stress which each 
group has stood in comparison to that of the fire box steel (unwelded 
which is shown as the top line of the graph. 





A + On weld line 
(95 X) 











D - On weld line 
(350. xX) 





Fig. 10—OxyY-ACETYLENE WELD IN BOILER PLATE USING VANADIUM WELDING Rov 
AN OXYGEN TO ACETYLENE RATIO oF 1 
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The flash weld and resistance welds have approached the nearest to the 
ndurance limit of the fire box steel unwelded. If the welds had been 
heat treated to give uniform hardness and grain structure, in all prob- 
ability they would have equalled the original metal in endurance limit. 


DISCUSSION OF MICROGRAPHS 


The micrographs of the different types of welds were made at 95X. 
All specimens were etched in a solution of 10 per cent nitric acid to 90 





(95 x) .* (95 x) 





12 — OXY-ACETYLENE WELD IN Fie. 11—FLASH WeELD USING 
LER PLATE USING CHROMB-VANA- CoLtp ROLLED Stock 
M WELDING ROD WITH AN OXYGEN 

TO ACETYLENE RaTio or 1.08 
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per cent grain alcohol. The etching of the welded metal required a 
longer period than did the parent metal. 


The micrographs show clearly that there are four areas in the welded 
region which are distinctly different, considering them from the stand- 
point of grain size. Fig. 8, page 60, shows these four areas: A—The 
deposited metal at the weld line, B—The parent metal just outside the 
weld line, C—The parent metal to which has been given a very fine grain 
structure due to the heat from the weld, and D—The parent or stock 
metal itself. 
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‘iG. 13—TYPICAL FRACTURES OF WELDED METALS UNDER FATIGUE TESTS 
A. Metallic arc weld. 
B. Oxy-acetylene weld. 
Cc. Flash weld. 


The difference in grain structure in these four areas adjacent to each 


other has an important bearing on the endurance limit of the welded 
metals in fatigue. 


All welded specimens present this difference in grain structure. The 
atomic hydrogen weld appears to give the smallest grain structure in the 
welded area and the oxy-acetylene welds showed the largest grain struc- 
ture for the welds which were included in these tests. 


In the oxy-acetylene welds employing a chrom.-vanadium rod or 4 
vanadium rod, a serrated grain boundary was noted in the welded metal. 


The grain boundary at A, Fig. 10, page 62, is typical of this metal. 


An enlarged picture of this type of grain boundary is shown at D in the 
same figure. 
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From observations which were made fatigue cracks at no time in any 
of the tests had their inception in these grain boundaries. 


If the difference in grain structure between the weld metal, the parent 
metal adjacent to the weld, and the parent metal itself could be made 
uniform in size, in all probability the endurance limit of the weld would 
pe increased. This remains to be shown in further experiments with 
welded metals in fatigue. 


: 


tet et One ae 








14—TYPICAL FRACTURES OF WELDED SPECIMENS 
A. Specimen not tested. 
B. Flash welded specimen. 
C. Metallic are welded specimen 
D. Resistance welded specimen. 
E. Oxy-acetylene welded specimen 


UNDER TENSION TESTS 


Figs. 13 and 14 represent typical fractures of specimens when sub- 
jected to fatigue and tension tests. 


From Fig. 13 it appears as though the point of weakness was in the 
»ottom of the V. At the bottom of the V in many ruptured specimens 


wt. surface seemed worn smooth by a scrubbing action of two surfaces 
against each other. 


rhe single V metallic arc weld and the single V oxy-acetylene weld 
‘ppear much stronger in fatigue than does the double V weld. In the 
‘ingle V weld the bottom of the V has been removed in machining the 
pecimen from the welded coupon. In a field weld, whether it is a single 
V or double V weld, this condition is liable to exist. 
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It is yet to be determined if this failure at the center of the weld has 
been due to poor penetration or if the metal has in some way been weak- 
ened at this point in the welding operation. 


The surfaces which are worn smooth by the scrubbing action appear 
to follow the plane of the scarf before the welding was begun. 
CONCLUSIONS 


It is at once apparent that welded specimens made from fire box steel 
do not equal the endurance limit of that material unwelded. The three 
main reasons for such are: 


1. Non-homogeneous structure due to oxide spots and pits caused from 
gas inclusions. 


2. Difference in grain structure between the metal in the weld and the 
metal in the original bar. 


. Difference in hardness between the metal in the weld and the metal 
in the original bar. 


The first mentioned reason is probably the most important in bringing 
on fatigue. The presence of the small holes in the metal is not so harm- 
ful as usually supposed unless present in such large numbers as to ma 
‘erially reduce the area of the cross section of the piece. 


The oxide spots and pits caused from gas inclusions during the weld. 


ing operations can never be overcome by treating the weld and calls for 
turther study along the lines of shielding the arc by gases or other mean 


in order to eliminate this objection and increase the endurance limit of 
welded steels. 


The last two reasons mentioned for bringing on undue fatigue, namely, 
grain structure, and hardness may be overcome by proper heat treatment. 
Such treatment is possible in a limited number of shop welded articles, 


but from a commercial standpoint will probably never be economical with 
welds in the field. 


The heat treatment of the weld will also help to eliminate the locked up 
stresses in the bar which have occurred in the welding operation. In 
certain cases these stresses have been determined as high as 25,000 to 
35,000 Ib. per sq. in. When we consider these stresses in conjunction 
with the bending action of the metal in the rotating beam in which we 
have present the forces in tension in compression, and in shear, it is at 
once evident that the determination of stresses in untreated commercial 
welds can never be determined accurately. 


This study will be continued with tests on the different types of shielded 


metallic are welds and on specimens of all types of welds which have been 
uniformly heat treated. 





Symposium on Standard Tests for Welds 


Introduction and Suggested Revision of ABW Bulletin No. 1 
By 
American Bureau of Welding Committee on Standard 


Tests for Welds 


VESTS for welds are made for several purposes such for example, 
‘| as determining qualifications of welders, comparing welding proc- 
esses or methods and comparing welding electrodes or welding rods. 
Obviously, standardization of the procedure in a test made for such 
purposes is essential if reliable conclusions are to be obtained. Standard 
tests for welds are desirable for other reasons: (a) they indicate to 
users of welding, who are not familiar with the development of the art, 
what tests are considered valuable at the present time in evaluating a 
weld; (b) they make all results reported to the industry strictly compar- 
able; and (c) they increase the reliability of such unit values for design 
purposes as may properly be deduced from the test results. 


In June, 1921, the American Bureau of Welding issued Bulletin No. 1, 
entitled “Standard Tests for Welds.” Experience and the advancement 
of the art since that time have shown a need for revision of these 
standards. A suggested revision has been prepared by the Committee 
on Standard Tests of the American Bureau of Welding in which only 
three standard tests are proposed, namely, tension, bending and shear. 
Impact tests and fatigue tests are desirable for complete information 
in regard to the mechanical properties of a weld but it is doubtful if 
Suitable techniques for these tests have yet been developed to the point 
where standard procedures can be proposed. 


While three standard tests are proposed by the committee, there is a 
lack of uniformity of opinion both in the committee and outside of the 
committee as to the value of certain of these tests and the correctness 
of some of the details of the procedures proposed. The following are 
some of the controversial points: 


(a) Is the standard ASTM tension test specimen for plate material (Paral- 
lel side specimen, 8 inch gage length) the most suitable for tension tests of 
welds? This specimen was, of course, developed for homogeneous material and 
the question arises whether it is the most satisfactory shape for a specimen 
which contains a discontinuity. 


lf the weld is weaker than the base metal then the standard ASTM specimen 
gives true maximum tension stress values,—that is, unit values which are 
directly applicable to welds in structural members which are under pure ten- 
n and in which the stresses are continuous and uniform. It would also 


m that a specimen of this shape is entirely satisfactory for qualification 
ts of welders. 


If, however, the purpose of the test is the comparison of welding wires or 
her variables and strengths are obtained which are higher than that of the 
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base metal (that is, failure occurs outside of the weld) an incomplete answer 
is obtained because it is not sufficient to simply show that the strength of the 
weld is higher than that of the base metal. It is, of course, desirable to know 
how much stronger it may be than the base metal in order to have a complete 
comparison. It would therefore seem logical to have a specimen with a much 
shorter reduced section, that is, so short that failure is forced to occur in the 
weld. But then we encounter the well known effect of nonuniform stress along 
the length of the specimen. This effect at the fillets extends into the reduced 
section resulting in breaking stresses which are too high by an uncertain 
amount. They are too optimistic, therefore unreliable for use in designing 
structural members with continuous and uniform stresses. 


It might be argued that for certain strictly comparison purposes the results 
from such specimens would be strictly comparable just the same but this is 
also open to question because of the influence of the ductility of the weld itself 
on this stress concentration effect. 


It could be suggested that the standard ASTM specimen could be used for 
high strength welds by using higher strength base metal. Then we have the 
question of the influence of the base metal on the fusion zone of the weld. 


Another question that has been raised is the value of a tension test on a 
specimen composed wholly of weld metal and prepared in the manner indicated 
in the proposed standard. It is contended that weld metal deposited according 
to that procedure is not necessarily the same as that deposited in a weld be- 
cause of the influence of the base metal. 


(b) The so-called ductility of a weld is one of the most important of the 
mechanical properties. It is, however, very difficult to determine by any of 
the usual methods because of the discontinuity along a specimen containing a 
weld. The ordinary method of measuring ductility by means of elongation 
measurements on a tension test specimen is not very satisfactory. Simple 
bending tests have been used to give some information on this property. Such 
a test is attractive because of its simplicity and its direct appeal to the con- 
struction man. However, the objection has been that it is just a rough test 
from which reliable unit values cannot be obtained. 

The bending test suggested in these standards is that proposed by W. B. 
Miller (Journal AWS, September, 1927) and in it, it is attempted to overcome 
this objection. In other words, approximate ductility values are obtained 
from measurements of elongation of the outer fibers in the bent specimen when 
rupture occurs. However, there has been some question as to whether this test 
is reliable for various kinds of welds, different thicknesses of materials, etc. 
In other words, it has been questioned whether the method is suitable as a 
general standard for ordinary industrial testing. 

(c) The shear test proposed has been used to some extent with considerable 
satisfaction. Extensive experience has not yet been had and the particular 
procedure prescribed is rather expensive because of the large size of specimen. 
It has been contended that a shear test for welds is a highly desirable one but 
if the test is to be generally useful the specimen should be a smaller one. 
There is, however, the question as to how small a specimen can be used and 
yet obtain true shear values. 

It thus would seem that there are a number of open questions in regard 
to these proposed standards. Furthermore, opinion is not unanimous 
that tentative standard impact and fatigue tests should not be proposed 
at this time. 


It is, of course, obvious that if standards of this sort are to be accepted 
and used in the industry, there must be general agreement as to their 
desirability and value. In order to get more discussion of some of these 
controversial matters, the Meetings and Papers Committee has arranged 
for this symposium centered around the suggested standards, which are 
appended hereto. It is expected that there will be presented by various 
specialists in this particular field of the welding industry experimental 
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and other evidence bearing on these questions. It is hoped that their 
contributions and the ensuing discussion will make it feasible for the 
committee to agree on standards which will be reasonably satisfactory 
to all concerned and which can therefore be recommended to the Amer- 
ican Bureau of Welding for at least tentative adoption. 

A. M. CANDY, 

J. A. Capp, 

ALFRED V. DE FOREST, 

W. B. MILLER, 

H. L. WHITTEMORE, 

F. M. FARMER, Chairman, 

Committee on Standard Tests for Welds, ABW. 


Suggested Revision of ABW Bulletin No. 1* 
Standard Tests for Welds 


FOREWORD 


The primary purpose of this bulletin is to provide standardized pro- 
cedures for the various mechanical tests which are made in connection 
with welds (tests of base metal, weld metal, and sample welds, etc.) so 
that results of such tests will be comparable and any unit values properly 
deducible therefrom will be as reliable as possible. Only those tests and 
measurements have been included which the Committee considers of most 
value in the evaluation of welds. 


Tests of welds may be made for any one of several purposes,—qualifica- 
tion of operators, comparison of welding electrodes and rods, comparison 
of welding methods and similar purposes, design data, etc. Standards for 
tests of sample welds as welds should be distinguished from tests of 
sample welded joints as joints. In the former, a standard sample weld 
and standard test specimen therefrom can be prescribed but in the latter 
this is obviously not feasible because the design of the joint determines 
how a suitable test joint shall be prepared. The standards herein have 
been prepared primarily for tests of sample welds but it is recommended 
that in the testing of sample joints, the procedures prescribed be used 
insofar as it is practicable to do so in order that all test results in con- 
nection with welds will be comparable as feasible. 


Satisfactory tests for welds in structures have not yet been developed. 
Such tests must necessarily be non-destructive and while much attention 
is being given to this need of the industry and some progress is being 
— the problem is a difficult one and the final solution is not yet in 
sight. 

[t is recognized that for many purposes, a simpler procedure in a given 
test than that prescribed herein may be quite sufficient. It is recom- 
mended that in such cases the desired simplification be obtained by 
omission of observations and calculations that are not desired but that 


those that are made be carried out in accordance with the procedure 
prescribed. 


"Proposed at this time for discussion only. It is hoped by the Committee the dis- 
lon will enable them to recommend an acceptable revision. 
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Preparation of Samples and Test Specimens 


It is recommended that sample welds (for determining the proficiency 
of operators, comparing welding electrodes or welding wires, etc.) be 
prepared from base metal in plate form, and if the edges are to be beveled 
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(as is usually done with material over ™%-in. thick), that single V, 
45-degree bevels be used. 


It is obviously not practicable to prescribe standard dimensions of the 
sample weld as these will depend upon the purpose of the tests and the 
number of tests to be made. Each sample weld should be of sufficient 
size to permit the preparation therefrom of all the test specimens pre- 
scribed herein for each of the different kinds of tests to be made. The 
sample weld should preferably be so made that the longest axes of the 
test specimens cut from it are parallel to the direction of rolling 


General Instructions 


Wherever applicable, the standard procedure of the American Society 
for Testing Materials as given in “Tentative Methods of Tension Testing 
of Metallic Materials” (E8-27T) shall be followed. 
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Three duplicate specimens shall be tested in any one test and the 
average taken as the value of the property determined by that test. 


TENSION TESTS, BASE METAL 
Test Specimens. The shape and dimensions of the test specimen for 
sheet or plate base metal are shown in Fig. 1. It is to be noted that 
a thickness in excess of %4-in. will require a testing machine of 100,000 
lb. capacity in the case of ordinary steel. If the specimen is cut from 
regular commercial sheet or plate material, it is usually not necessary 
to machine the 1.5 in. faces of the specimen. 


The shape and dimensions of the test specimen for cast base metal is 
shown in Fig. 2*. It is particularly important to use swivel specimen 
holders when testing such specimens in order to entirely eliminate 
undesirable stresses. 


Results to be Recorded. The following data are to be recorded in 
connection with tension tests of base metal: 

(a) Ultimate Strength. Stress (lb. per sq. in.) computed from the area of 
the original section. 


(b) Yield Point. Stress (lb. per sq. in.) at which marked increase in de- 
formation of the specimen occurs without increase of load as indicated by a 
sudden dropping of the beam of the testing machine or by a sudden increase 
of the rate of elongation as shown by dividers. 


(c) Reduction of Area. Expressed in per cent of the origina) area. 

(d) Appearance of Fracture. The general appearance of the fracture should 
be recorded, i.e. crystalline, fibrous, silky, etc. 

The following data are optional: 


(e) Proportional Limit. Stress (lb. per sq. in.) at which the deformation 
ceases to be directly proportional to the load. 


Any type of extensometer may be used which measures the deformations of 
two opposite elements of the specimen, preferably on the edges. Deformation 
measurements on only one element of the specimen may be subject to large 
error even when the gage marks are on the center line of the 1.5-inch side. 

The gage length may be either 2 or 8 inches. 

(f) Modulus of Elasticity. Stress (lb. per sq. in.) computed from data ob- 
tained from a specimen having an 8-inch gage length; measurements to be 
taken on two opposite elements, one on each edge of the specimen. 


(g) Total Elongation. Gage marks should be laid off every inch along a 
line at the center of one of the 1.5-inch faces of the specimen before placing 
in the testing machine and the total elongation in every inch after rupture 
recorded. The total elongation in the 1-inch, 2-inch and 8-inch (if any) length 
which ineluded the break should be reported. 


TENSION TESTS, WELD METAL 
lest Specimens. The shape and dimensions of the test specimen are 
wn in Fig. 2. It shall be prepared from a bar of weld metal, %4 by 
| by 1l in. This bar shall be formed entirely by depositing filling metal 
in open box of the shape shown in Fig. 3 employing exactly the same 
thod used in making the corresponding test weld. For metal electrodes 
‘his box shall consist of a copper plate %-in. thick, upon which is secured 
a Trame of steel bars, %4-in. square. The parts of the box are secured 


T 


\ diameter of 0.505-inch may be used if desired. This gives an area of exactly 
square inch. 
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in any convenient manner. The copper plate, during this operation shall 
rest upon a steel plate. After the bar is formed, the copper plate and 
the frame may be removed by any suitable machining operation. 


For gas welding, the copper plate should be replaced by a steel plate. 
For thermit, a box of suitable refractory material should be used. 


Results to be Recorded. The data to be recorded in connection with 
tension tests of weld metal shall be the same as for base metal except 
those involving an 8-in. length. If, however, the modulus of elasticity is 
desired, a specimen similar to that shown in Fig. 2 with a gage length 
of 8 in. shall be employed. 


TENSION TESTS, WELDS 


Test Specimens. The shape and dimensions of the test specimen ar 
shown in Fig. 1 with the weld at the center. If the material is cast or 
brittle, the specimen shown in Fig. 2 shall be used with the weld located 
at the center. 


It is especially necessary that the 1.5-in. sides of Fig. 1 specimens be 
machined, particularly if the two pieces of base metal are offset or if 
they form an angle at the weld. Tests made in the latter case, where the 
specimens are not machined, are not reliable. Furthermore, care must 
be taken that specimens having the latter defects are not “straightened” 
before being machined because such treatment is likely to materially de 
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crease the strength of the weld. A roughing cut in a planer or shaper 
which will just “clean up” the surfaces of the specimen is sufficient. 


Results to be Recorded. The following data are to be recorded in 
connection with tension tests of weld specimens: 


(a) Utlimate Strength. Stress (lb. per sq. in.) computed from the area of 
the original section. 


(b) Appearance of Fracture. The appearance of the fracture as determined 
with the aid of a low-power magnifying glass shall be recorded. The character 
described by the following nomenclature should be covered indicating as far 
as possible the per cent of the total area which is involved. For example, 
“10 per cent not welded” would signify that approximately 10 per cent of the 
total area of cross section at the fracture is exposed base metal—that is, not 
welded. 


Spongy: Full of small cavities; the structure resembles that of a sponge; 
porous, 


Slag inclusions: Foreign matter entrapped in the weld. 


Gas pockets: Small or large cavities more or iess isolated (i.e., not of a 
regular spongy structure). 


Not welded: Exposure of any portion of the surface of the base metal indi- 
cating imperfect fusion between the base metal and the filling metal. 


Laps: Imperfect fusion between adjacent portions or between successive 
layers of filling metal. 


Note: No provision is made for elongation measurements of any kind. Such 
measurements with the usual gage lengths are of little value because of the 
predominating influence of the base metal. Where such data are required 
special provision should be made to get elongation readings over as short a 
distance as possible at the weld so as to include a minimum of base metal. 


BEND TESTS, WELDS 
Principle of Method. The specimen is placed as a strut in a vise or 
compression machine and a compression load applied at the ends until! 
failure occurs in the outside fibers of the bent specimen. The relative 
evaluation of the ability of the specimen to withstand bending is measured 
by the elongation of the outside fiber. 


Preparation of Specimen. For quantitative results rectangular speci- 
mens with widths at least three times the thickness should be used. The 
edges should be rounded off so that fracture does not take place at the 
edge. The outside surface should be smooth and free from local defects. 
The length may vary with the thickness of the piece and is unimportant 
provided it is long enough to allow performing the bending operation 
(See Fig. 4). 

Procedure. The bend in the specimen is started by holding the speci- 
men in a vise about one-third from the end producing an initial bend at 
this point with hammer blows (see Fig. 5) or the specimen may be set 
up on cross supports and the bend started by a ram at the third point 
(see Fig. 6). 

The specimen with the initial bend at each end is placed as a strut 
a vise or compression machine and pressure applied gradually (i.e. 
without shock) at the ends until failure occurs in the outside fibers of 
the bend specimen (see Fig. 7). Speed is not a factor if there is no 
shock. The continuity of closing and the speed may be varied without 
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affecting the results within the limits of accuracy expected, i.e., + 5 per 
cent of the value of the fiber elongation. 


Result to be Recorded. The performance of the specimen is evaluated 
by measurement of the outside fiber elongation. The most direct method 
of doing this is to place gage marks on the specimen before bending an 
measure the extension directly with a flexible scale graduated to on 
hundredths of an inch. 
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Experiments have shown that for consistent results the gage length 
should be at least 0.3 in. and not greater than 1 in., except in plate from 
'% in. to % in. thick, in which case the maximum gage length should not 
be more than twice the thickness of the plate. With material less than 
'% in. thick, the difficulties of measurement are so great that the com- 
mittee is not yet prepared to make definite recommendations. 


Any other method of measuring the fiber elongation may be used, 
provided it gives the same values as the direct method. For example, i! 
some cases it may be objectionable to put gagemarks on the specimen 
in which instance the radius of the outside of the specimen may be 
measured and the per cent elongation calculated according to the formula: 


per cent elongation — 100 os where t = thickness and R = radius t 
neutral plane (see Fig 8). 


SHEAR TESTS, FILLET WELDS 
Preparation of Specimen. The specimen shail be prepared as show! 
in Fig. 9. The dimensions of the fillets are to be within the following: 
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legs, maximum 0.5 in., minimum 0.375 in.; throat, maximum 0.354 in., 
minimum, 0.265 in.* 
Notes: It is essential that the stresses in the main and cover bars never 


exceed the elastic limit. This specimen is designed on the basis of a maximum 
stress of 25,000 lb. per sq. in. in the main and cover bars of ordinary bar steel. 


Attention is called to the fact that the necessary pieces can be cut from 
standard bar stock with a torch. As no machining is involved this greatly 
simplifies the preparation of specimens. 

Procedure. The specimen shall be tested in a tension testing machine 
just as it is prepared without any machining. Care shall be taken that 
no bending stresses are introduced. This is preferably insured by the 
use of swivel test heads or grips. 


Results to be Recorded. The following data are to be recorded: 


(a) Load at first crack and maximum load. Corresponding unit values in 
lb. per inch length of weld by dividing the loads by (1) 6 inches nominal 
or gross length of the four welds and (2) 4 inches, the net length of the 
four welds (arbitrarily assumed to be 1/4 inch less at each end than the 
nominal length). 


The usual details such as location of failure with respect to the specimen 
and with respect to the weld itself, and fractured surfaces described as 
prescribed for the tension tests. 


*Limits prescribed in the investigation conducted by the Structural Steel Welding 
Committtee, American Bureau of Welding. 


Bend Tests * 
W. B. Mituert 


N June, 1921 there was issued by the American Bureau of Welding 
3ulletin No. 1 entitled “Standard Tests for Welds.” Since that time 
advancements in the art have indicated that certain standard tests or 
methods of making and evaluating them need revision. One of the tests 
described was the bend test. Every one is probably familiar with the 
bending apparatus there described. Briefly it consists of forcing the 
bend coupon, by means of a ram, between two anvil blocks having their 
edges rounded off to a 1 in. radius. The radius of curvature of the ram 
is required to conform to the A. S. T. M. specifications for bending tests 

for ship plate steel viz.: 

Calculated Per Cent 


Thickness of Radius of Elongation of 
Plate End of Ram Outside Fibers 


Up to 3/4” 0.5 thickness 50 

Over 3/4” to 1%” 0.75 x thickness 40 

Over 1%" 1.0 x thickness 33 

_ The total angle through which the specimen has been bent when the 
hrst crack appears on the convex surface is taken as the index of bend- 
ny quality in this test. 


hree years ago the writer presented before this Society a paper 
‘itled “The Bend Test As Applied to Welded Coupons” in which it was 
ccommended that the test be evaluated by measuring the per cent 

gation in the outside fibers. Test results were presented to show 


‘aper to be presented at Fall meeting of the A. W. S., Sept., 1930, Chicago. 
etallurgist, Union Carbide & Carbon Research Labs. 
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that with free bending and measuring the per cent elongation of the 
outside fibers, quite consistent and comparative results were obtained, 
Although free bending in a vise or press was preferred, the way was 
left open for performing the bend in any manner desired provided it 
was evaluated in ductility terms, i.e., per cent elongation of the outside 
fibers. 


Objections have been made to this method of bend testing on the 
grounds that bend test ductility is not the same as tensile ductility. Since 
it is so far impossible to get true tensile elongation figures, any test, 
such as the suggested bend method, which will give some idea of weld 
metal ductility, should be welcomed by the welding fraternity. It has 
never been represented that bend elongation and tensile elongation are 
the same. 


Reasons for Using the Bend Test 


Although it is generally agreed that the bend test is a more severe 
test of ductility than the tension test, no doubt many wonder what is the 
basis for this opinion. Let us consider two steels having practically 
identical tensile strength, yield point, per cent elongation in 2 in., reduc- 
tion of area, but having widely different impact values, which were sub- 
jected to bend tests. It is found that marked differences in bending re- 
sulted. The differences were not as marked as in the impact test but were 
sufficiently great to show that the bend test measured some combination 
of properties not shown by the tensile test. Ease of testing and lack of 
elaborate equipment are further justifications for the bend test. Also 
the use of the bend test for so many years is indicative of its use- 
fulness. 


Status of Bend Test 


The following taken from the report of the A. S. T. M. Committee on 
Bend Testing outlines the present status of the Bend Test. 


Proposed Method of Quantitative Bend Testing: The method found to 
give consistent quantitative results consists essentially in bending the 
speciment as a strut in a vise or press. (See Fig. 7 page 72). This is 
followed by measurement of the elongation of the outside fibers at the 
point of maximum bending. This is known as free bending with measure- 
ment of fiber elongation. 


Preparation of Specimens: For quantitative results in which the final 
figure is independent of the thickness of the specimen, rectangular speci- 
mens with widths at least three times the thickness should be used. The 
edges should be smoother or rounded to prevent edge fracture. The 
outside surface should be smooth and free from local defects. The length 
may vary with the thickness but is unimportant provided it is long enough 
to perform the bending operation. ( See Fig. 4 page 72). 


Method of Starting the Bend: In order to start the bend any stress oF 
strain at the point which will have the maximum bending should be 
avoided. This may be accomplished by holding the specimen in a vise 
about one-third from the end, producing an initial bend at this point by 
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hammer blows, or the specimen may be set up on cross supports and 
the initial bend started in this way at the third point. This is per- 
formed on both ends. Fig. 5 and 6 show these methods of starting the 
bend. 


Method of Closing the Bend: The specimen with initial bends on each 
end is placed in a vise or press as a strut and compression applied at the 
ends. The press is closed until failure of the outside fibers occurs. The 
speed of closing the bend is not a factor unless shock is used. 


Measurement of Fiber Elongation: The most direct method of de- 
termining the fiber elongation is to place gage marks on the specimen 
before bending and to measure the final length directly with a flexible 
scale. 


Experiments have shown that for consistent results the gage length 
should be at least 0.3 in. and not greater than 1.0 in. except in the case of 
plate 4%, in. to % in. the maximum gage length should be not more than 
twice the thickness. With material less than 44 in. thick the difficulties 
in measurements are so great that the committee is not yet prepared to 
make any recommendations. Any other methods of measuring the fiber 
elongation that give the same values as the direct method may be used. 
For example, in some cases it may be objectionable to put gage marks 
on the specimen. In this event the radius of the outside of the specimen 
may be measured and the elongation calculated. (See Fig. 8 page 72). 


Advantages of the Bend Test 


The consistency of the results is excellent and constitutes a main 
advantage. For homogeneous material similar specimens of the same 
material not only give the same results, but the same material when tested 
in various thicknesses gives the same results showing that the test 
measures inherent properties of the metal. Any inconsistencies in results 
of weld tests may be due to weld irregularities rather than to any un- 
reliability of the method. 


Test Data 


In substantiation of the foregoing statements the following test results 
are submitted: 


Showing Difference in Bend without Difference in Tensile Properties 


' Per Cent 

Spec- Yield Point, Ult. Str., Per Cent Red. Izod, Bend, 

imen Lb./Sq. In. Lb./Sq. In. Elong. in 2 of Area Ft./Lb. Per Cent 
36,000 55,000 32 64 49 125 
37,000 54,000 33 62 6 34 


Showing Measured Ductility of Different Welds in Tension and Bending 


Elongation in 
Test 2” (Tensile), Bend Elong., 
No. Per Cent Per Cent 
1 11 19 
2 6 20 
3 7 30 
4 5 36 
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Elongation in Bend Test of Bars of Two Steels of Various Dimensions 


Thickness, Width, Per Cent Bend Elongation 
In. In. Material A Material B 


2.00 

15 
1.00 
1.50 
2.00 


( 15 

J 1.00 42 

| 1.50 37 
2.00 38 


It will be noted that when the width is at least three times the thick- 
ness, check results are obtained on the same material. 


| 
| 


Showing Effect of Speed of Closing Bend 


Dimensions Elongation, 
in Inches Per Cent 
{ .25x1.0 39 

50x 1.5 40 

25 x 1.0 37 

50 x 1.5 38 

25x 1.0 38 

50x 1.5 37 


Dimensions Elongation, 
in Inches Per Cent 
.25 x 1.0 74 

50 x 1.5 70 


jf .25 x 1.0 76 
1.50 x 1.5 71 


vise (intermittent) = ~ ae 14 


Speed 
.025 in./min. :: 
Material A + 2.0 in./min. ; : 
| 
| vise (intermittent) . 
Speed 
.025 in./min. 


Material B | 


2.0 in./min. 


These and other published data seem sufficient to warrant the recom- 
mendation that the bend test for welds be evaluated by measuring the 
per cent elongation of the outside fibers, rather than the angle of bend. 
Welding literature is profuse with bend test data in which the angle of 
bend was measured. Photographs of the bent coupons indicate clearly 
that in many of the coupons little, if any, elongation took place in the 
outside fibers of the weld metal. The measurement of the extension of 
the outside fiber elongation is rational and leaves no doubt in the writer’s 
mind as to the effect of the bending on the weld metal. 





Tensile Tests for Welds* 


By JAMES W. OWENSt 


YVHE Committee on Standard Tests for Welds has indicated some of 
the controversial points on the two standard A.S.T.M. tensile test 
specimens now used for fusion butt welds, viz——the specimen for plate 
material with parallel sides and an 8-inch gage length, and the 0.505-inch 
diameter specimen with a 2-inch gage length for cast material. These 
specimens are shown in Figs. 1 and 2 respectively of the Committee’s 
suggested revision of the American Bureau of Welding, Bulletin No. 1. 


In considering the question, it is essential to remember that :— 


(a) The weld as a “joint” is made up of three variables—the weld 
metal, the base metal, and the junction between the weld and base metals 
known as the fusion zone. Any evaluation of the weld as a joint should 
therefore separately determine the properties of each of these variables. 


(b) The ideal weld is one in which the physical, chemical, and metal- 
lurgical characteristics of the weld metal and fusion zones are identical 
or better with those of the base metal. 


(c) The base metal is the standard for comparing the properties of 
welds. 


(d) Weld metal is in general of two types—First, “brittle” metal, or 
metal having low ductility and a tensile strength approximately the same 
as the base metal; and Second, “tough” metal, or metal having good duc- 
tility and a tensile strength equal to or better than that of the base metal. 
For brevity the terms “brittle” and “tough” will be used in referring to 
these two general types of weld metal. 


It is also essential to remember that in the development of standard 
tension tests for welds, we must consider: 


(a) Test specimens for evaluating a welding process by the properties 
if the welds produced by the process. 


(b) Test specimens for testing the qualification of welders using a 
specific process. 


(c) Test specimens for determining the properties of the welds actual- 
ly used in a structure, for example a pressure vessel. 


In view of the foregoing the subject will be considered under the fol- 
lowing headings: 


A. TENSION TESTS FOR THE WELD METAL. 
B. TENSION TESTS FOR THE BASE METAL. 


C. TENSION TESTS OF THE FUSION ZONE AND FOR THE WELD AS A 
JOINT. 


Paper to be presented at Symposium, “Testing of Welds,” at Fall Meeting, A.W.S., 
igo, September, 1930. 


Engineering Director, Welding Engineering & Kesearch Corp., New York, 
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Tension Tests for the Weld Metal. 


The properties of the weld metal obtainable by a tension specimen can 
best be secured by the use of specimens consisting entirely of weld metal. 
If the test is to determine the properties of the weld produced by a weld- 
ing process, or the properties of welds actually used in a structure, the 
specimen should be removed longitudinally out of the weld metal of sam- 
ple welds. This type of specimen is usually not necessary for qualifying 
tests of welders unless they will be called upon to weld material of appre- 
ciable thickness. 












































Cuervo 


Owwouwrs 


























Fic. 1—Type SwitveL HoLDER FoR RouND WELD AND BASE METAL SPECIMENS 
(Courtesy Southwark Foundry & Machine Co., Philadelphia, Pa.) 


As it is in general impractical and very expensive to prepare weld metal 
specimens similar to the A.S.T.M. standard specimen for plate material, 
the writer would strongly recommend the adoption of the A.S.T.M. 0.505- 
inch diameter specimen as the standard for determining the physical 
properties of the weld metal. Furthermore, as it will be necessary to 
test welds less than 42 inch thick, it will not always be possible to adhere 
to a specimen having a diameter of 0.505 inch, therefore, he would also 
recommend that the Welding Society’s standard permit the use of speci- 
mens of any diameter provided the gage length of the specimen is four 
times the diameter of the specimen. 


This recommendation on ratio of gage length to specimen diameter is 
pased on tests made by Dr. T. McLean Jasper, Research Director of the 
A. O. Smith Corp., wherein it was determined that the percent elongation 
of the metal obtained with specimens of different diameters is only com- 
parable when this ratio is adhered to. 


By the use of this specimen we can obtain values for the weld metal of 
ultimate stress, yield point, percent elongation, and reduction in area. 
This specimen also gives a good indication of the degree of porosity. 
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Tension Tests for the Base Metal. 


It is a well recognized fact that the properties of the base metal influ- 
ence the properties of the weld, therefore, a standard requirement for 
tension tests for welds should be that the base metal used in the prepara- 
tion of specimens should have the same properties as that used in the 
structure or class of work for which the tests are made. 


[en WITH GAS enen~, 


ij met 4 








| 
| 
| 
| 
} 





eg 
1 | 
aa 
oe 
ri 
; oa 








— 





A VON 


x€'ON 


xDp'ON 


4 €°ON 


— ee 























Fic. 2—Test PLATE USED TO DETERMINE THE EFFECT OF SHAPE OF SPECIMEN ON TEST 
VALUES SECURED IN TENSION 


The A.S.T.M. specimen for plate material, with parallel sides, and an 
8-inch gage length, has in the past been used exclusively for determining 
the properties of plate material, and the A.S.T.M. 0.505-inch diameter 
specimen with a 2-inch gage length has been used exclusively for deter- 
mining the properties of cast material. As the base metal is the stand- 
ard for comparing the properties of the weld, it would seem desirable to 
use the same type of tension specimen for the base metal as was used 
for the weld metal. 


In view of this, it is recommended that the round specimen with the 
suggested ratio of gage length to diameter of specimen, recommended 
‘inder “Tension Tests for Welds,” be also used for determining the ten- 
sion properties of the base metal. 


Tension Tests for the Fusion Zone and the Weld as a Joint. 

Having, by the tests previously specified, obtained information on the 
‘ension properties of the weld and base metals, the primary object of 
‘ny test of the weld as a joint would be to determine the effectiveness 
f the bond of these metals in the fusion zone. This information can 
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therefore best be secured by the removal of a specimen transverse to the 
joint and containing the three variables—the base metal, the weld metal, 
and the fusion zone. 


Influence of Brittle and Tough Weld Metal. 


When using the standard A.S.T.M. specimen with parallel sides and an 
8-inch gage length, the writer has found that if the weld metal is “brit- 
tle” such a specimen will show whether good fusion has been secured, and 
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Fic. 3—METHOD OF PREPARING SPECIMENS AFTER REMOVAL FROM TEST PLATE, SHOWN 
IN FIG 2 



































if secured will give the ultimate tension stress value of the weld metal 
as failure will usually occur through the throat of the weld. This speci- 
men, however, will not give any réliable information on the percent clon- 
gation of the weld metal or its reduction in area. If the weld metal is 
“tough” this specimen, as will be shown later, may or may not show 
whether good fusion has been secured, and if, as is usually the case, fail- 
ure occurs in the base metal, it only gives a general idea that the weld, 
as a welded joint, is stronger than the base metal. No information is 
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possible, however, on the percent elongation of the weld metal or its re- 
duction in area, as practically all physical deformation of the specimen 
has taken place in the base metal at the point of failure. 


When the weld metal is known to be “tough,” some investigators have. 
for such specimens, either used base metal of a higher tensile strength 
‘han that of the weld metal, or locally reduced the section of the specimen 
ii the weld. As previously pointed out, the use of base metal having 
a higher tensile strength than weld metal should never be employed, and 
us will be pointed out later, the results secured by a reduction of the weld 
section are, in many cases, either valueless, or do not give the information 
desired. 
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i—Forms or WELD AND Types OF REINFORCEMENT FOR SPE ee SHOWN IN 
Fie. 


Development of a Suitable Shape of Tension Specimen to Determine 
Fusion and the Value of the Weld as a Joint. 


As a specimen transverse to the joint is necessary in the determination 
of fusion, and recognizing the influence of the variables mentioned on 
any values obtained, the writer outlined a series of tests for gas and arc 
welds to gather information on this subject, with the hope that a shape of 
‘ension specimen might be evolved which could be recommended to the 
Society as a standard for “brittle” and “tough” weld metal; for the test- 
ing of welders; for testing a process; and the testing of sample welds in 
a strueture. The only tests completed are for “brittle” weld metal ob- 
tained by the metal are process. The test plate used is shown in Fig. 2 
the shapes of test specimens in Fig. 3; the forms of welds and types of 


reinforcement in Fig. 4; the specimens after test in Fig. 5; and the 
results of the tests in Fig. 6. 


Six %-inch test plates, Fig. 2, having the composition of standard ship 
plate with a carbon content of approximately 0.25 per cent, were welded 
\vith bare low carbon steel electrodes, complying with the American Weld- 
ing Society Specification E1-B for electrodes. The weld metal obtained 
can be classed as “brittle” material. 


A single V butt weld was used and the metal was deposited in two lay- 
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ers. The welds of each test plate were different, as shown in Fig. 4. On 
completion of the welds, eight specimens were cut from each test plate, 
thus providing for test two specimens (X and Y) of each shape of test 
specimen, and form of weld. While it is customary to test three speci- 
mens of each variable, nevertheless only two specimens were used in this 
case, in order to reduce the cost of the test. It is believed that the test 
results are consistent enough to permit reliable tentative conclusions. 


In order to have a basis of comparison, two base metal specimens of 
each shape used were prepared as shown in Fig. 3. Two additional base 
metal specimens, No. 2, Fig. 3, were also prepared, having a shape mid- 
way between the shapes of specimens Nos. 1 and 3. The weld specimens 
were cut from the various test plates with a torch and ground to the 
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shapes required. The majority of the specimens, after test shown in Fig. 
5, were reduced in size to facilitate mounting. 

As the test specimens of welds would always be ground flush with the 
base metal, I have purposely eliminated including in the curves Fig. 6, the 
information secured on the other forms of weid and types of reinforce- 
ments, preferring to reserve this for a future paper. 

A study of these curves will show the following: 

(a) The ultimate stress values of the base metal specimens, regardless 
of shape, were consistently higher than the weld specimens. 
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Fic. 6—Curves SHOWING RESULTs oF TEsT OF SPECIMENS—F iG. 2. (AVERAGE OF TWO 
SPECIMENS) 


(b) The ultimate stress values of the base metal specimens increased 
as the length of the reduced area decreased, the increase being very pro- 
nounced when the sides of the specimen were notched. . 

(c) The ultimate stress values of the weld specimens with curved and 
parallel sides, Nos. 3, 4, and 5, did not show any appreciable difference, 
Whereas the notched specimen No. 1 had a very low ultimate stress. 

Note: All weld specimens fractured through the throat of the weld. 

The practical conclusions to be drawn from this test are that: 

(a) The notching of a specimen, whether of “brittle” or “ductile” 
material, will give inaccurate results. If the specimen is of brittle mate- 
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rial, the values of ultimate stress will be very low and if of a tough mate. 
rial these values will be very high. It might also be concluded from this 
test that when the weld section is reduced by the drilling of holes throug) 
the center of the weld, the ultimate stress values for the weld metal, thus 
obtained, will also be inaccurate. 


(b) When the weld metal is brittle and failure consistently occurs i: 
the weld, it does not make any difference whether specimens of shapes 
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ric. 7—RESULTS OF TESTS OBTAINED WITH WELD Mera or HigH TENSILE STRENGTH 
AND Fair DUCTILITY 


Nos. 3, 4, or 5 be used. Practically, however, it would be an advantage t 
use specimen No. 3, as the curved reduction can easily be obtained on 4 
yrinding wheel and it avoids the possibility when grinding, of abruptly 
notching the section at the shoulders, this localizing possible failure 2! 
this point. 


Considering the use of the curved specimen, No. 3, for welds with 
“tough” weld metal, Fig. 7 shows a test of a double V weld in 2%, inch 
material made with a covered electrode, wherein the weld metal had a0 
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ultimate stress of approximately 70,050 lbs. per sq. inch, as compared 
with 69,700 Ibs. for the base metal. In this test we find that the tension 
specimens with parallel sides failed in the base metal at an average ulti- 
mate stress of 69,700 lbs., and the tension specimen with curved sides 
failed in the fusion zone at an average ultimate stress of 60,000 lbs. As 
the specimens with parallel sides were in the test plate adjacent to the 
specimens with the curved sides, and as there was poor fusion in the lat- 
ter, it is probable that there was also poor fusion in the specimens with 
the parallel sides. If this assumption is correct, it would indicate that 
specimens with parallel sides will not necessarily show poor fusion in 
‘tough” welds, whereas specimens having a curved shape will show poor 
fusion in such welds. 


We have previously seen that when the weld metal is “brittle” the 
curved specimen will show not only poor fusion, but will give the ultimate 
stress value of the weld metal. It has also been shown that this shape 
of specimen will show defective fusion in “tough” welds, therefore it would 
appear that this specimen is equally applicable to both brittle and tough 
welds regardless of the object for which the test is made. The writer 
has therefore tentatively adopted this specimen, in conjunction with a 
bend test, for determining the fusion secured in metal arc butt welds. 


It is hoped that other investigators will duplicate this series of tests 
with base metals having the same and different physical properties to the 
base metal used by the writer, but welded with processes wherein the 
weld metal has higher tensile strengths and excellent ductility. 


Swivel Holders. 


If the round specimen is adopted as a standard for determining the 
values in tension of the weld and base metals, it would be very desirable 
to encourage its use by reducing to a minimum the cost of preparing the 
specimen. In this connection, it is found that many testing laboratories 
thread the ends of the specimen. This can be avoided by the use of swivel 
holders similar to that shown in Fig. 1. As swivel holders have the ad- 
vantage of insuring an equal distribution of stress in the specimen under 
test, it is recommended that their use be required. 


Summary. 


Summarizing the data and information contained herein, the writer 
submits the following recommendations for consideration of the Com- 
mittee on Standard Tests for Welds: 


(a) The values for ultimate stress, yield point, percent elongation, and 
reduction in area should be determined separately for the base and weld 
metals, by the use of round specimens similar to the A.S.T.M. standard 
specimen for cast materials. Where possible the diameter of this speci- 
men should be 0.505 inch and the gage length 2 inches. However, where 
this is impractical, any diameter of specimen may be used provided the 
vage length is four times the diameter. 


_ (b) The value for fusion for both “brittle” and “tough” welds should 
he determined by a rectangular specimen transverse to the joint, with 
P irallel sides and edges, having the weld section locally reduced 25 per 
cent in width by a curved reduction at the edges of the specimen, the 
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radius of curvature being four times the width of the reduced weld sec. 
tion. 


(c) The base metal used in the preparation of test specimen for 
welds should have the same properties as that used in the structure o 
class of work for which tests are made. 


(d) The use of swivel holders should be required for testing the round 
weld and base metal specimens. 





The Elimination of Joints in Open Track* 
J. H. DEPPELER+ 


T the Annual Meeting in April, 1929 I presented a paper on “Thermit 

Welding of Rail Joints for Main Line Track of Steam Railroads,” 
which paper was published in the June 1929 JouRNAL. A brief résumé of 
that paper will make what follows more easily understood. 

That paper was written after a careful investigation of the welding of 
steam railroad track in Germany and showed how this work had developed 
from a few experimental installations through a number where a thov- 
sand feet or more of track was made endless by Thermit Welding and 
where these thousand foot stretches, at first joined by expansion joints, 
were later joined by simple bolted joints without any expansion difficul- 
ties. The paper describes in detail the method of making the joint, com- 
pares the German and the American rail sections, and then shows the 
American joint which was developed to allow the welding of our heavier 
and very much harder rails. 


Since that paper was written the work in Germany had continued un- 
abated, the program of the German State Railroads being the conversion 
of 50 foot rail lengths into 100 foot. Apparently neither the thousand 
foot experimental stretches nor the sixty-thousand or more individual 
isolated joints have ever given them a bit of trouble. 


In this country the work has proceeded with extreme caution because 
it is most important that two questions be answered. First, would the 
joint wear the same as the rail, and second, would not the elimination 
of the miniature expansion joints at the ends of each rail introduce dif- 
ficulties from spreading gauge. 


The answer to the first of these questions is found, we believe, in the 
installation we made in 1928 in the retarder track of the New York 
Central Railroad at their DeWitt Yards, East Syracuse. The type of 
joint used is shown in Fig. 1, and consists of a Thermit fusion weld of 
the bases and webs of the rails and a pressure weld of the head portions. 
In this DeWitt Yards installation there were almost one hundred joints 
and although they have been in for about two years, and it is estimated 
that twenty-five hundred (2500) freight cars pass over them each day, 
nevertheless these joints are just as perfect today as when they were 
installed. Fig. 2 shows a general view of the installation, and Fig. 3, 4 


*Paper to be presented at Fall Meeting, A. W. S., Chicago, September, 1939. 
tChief Engineer, Metal & Thermit Corporation, 
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close-up of one joint. This installation, therefore, we believe answers 
the first question and it is our firm conviction that with this type of rail 
joint, although a little more expensive than that used in Street Railway 
practice and a little more cumbersome to install, there is absolutely no 
doubt that the joint will wear no more or no less than the rail and will 
always present a smooth, even riding surface. 














Fic. 1—THERMIT PrRessURE Rat WELD 


But the secorid question is naturally the most difficult to answer and 
regardless of the troubles that he is experiencing in his bolted joints the 
Engineer Of Way is bound to be slow to adopt a method which on first 
thought would seem to introduce enormous strains and might result in 
broken rails in winter and spreading gauge in summer. An elaborate 
mathematical calculation has been worked out to prove that where the 
joints were welded with due regard to the temperature at the time of 
welding, the maximum temperature variation between summer and winter 
would cause no troub!e, but such a calculation must be supported by 
experiment and so far few American engineers have been willing to make 
these more elaborate experiments. 


The German engineer feared the consequences less because his rails 
were lighter and very much softer and more ductile; their maximum car- 
bon content was only about 0.40 as compared with our 0.80 and 0.90. 


; The experience in Germany has definitely indicated that the resistance 


of the weight of the rail, the friction on the tie plates, etc., cause tem- 
perature changes to have no greater effect than to change the compres- 
‘ion strains in the rail and that even in a thousand feet of rail without 
joints, ordinary bolted joints may be used at the end and that the open- 
ing and closing of these bolted joints are only about the same as for a 
tingle rail length. 
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The American engineer’s experience has led him to believe that this 
cannot be true because even his relatively short rail lengths have given 
him trouble, the joints closing up completely in extremely hot weather 
and the track buckling. We believe, however, that this apparent dis- 
crepancy between the supposed facts here and abroad can be easily ex- 
plained. The standard construction abroad includes a tie plate with a 
shoulder on each side of the base of the rail, whereas in the usual con- 
struction in this country the tie plates have only a single shoulder. It 
is our present belief that this apparently slight difference is really of 
major importance and we believe that the few experimental installations 
already made in this country support this idea. 








Fic. 2—WELDED RETARDER TRACK IN De Witt Yarps, East SYRACUSE 


A double shoulder tie plate does not, of course, fit the rail base closely, 
but the slightest tendency for the rail to warp brings the rail base into 
contact with the diagonally opposite shoulders of the tie plate and this 
friction added to the weight of the rail and the friction of the spikes 
does apparently prevent the rail from moving during temperature 
changes. 

We mentioned above experimental installations in this country which 
seem to bear out these apparent facts. One of these is not a welded track 
at all, but is the installation of about five miles of the main line track of 
the Lehigh Valley Railroad near Towanda, Pa., in which 66-foot rails of 
136 pound L.V. Section were used instead of the standard length of 33- 
foot rails. This installation was described in “Railway Engineering and 
Maintenance,” May 1930, Volume 26, No. 5, as having been made March 
23, 1929, and in this description the prior German practice is referred to 
in the following quoted paragraph: 

“It has been common practice on the German State Railways for some time 
to use rails 30 meters, or 98.42 ft. in length, and in many cases these long 
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rails are welded together. A conference with Dr. Buckholtz of the German 
State Railways indicated that no trouble was being experienced, insofar as 


expansion was concerned, even though very limited openings were allowed at 
the joints.” 


her | 





Fic. 3—C.Losz-Up or JOINT IN WELDING RETARDER Track, De WITr YARDs, 
East SYRACUSE 


The article refers also to studies that had been made in America wherein 
long stretches of 33-foot rails were found tight together and so firmly 
fastened that expansion was impossible. In this Lehigh Valley installa- 
tion made with 66-foot rails, six-hole, 38-inch angle bars and the rails 
laid on double shoulder tie plates, the temperature at the time of laying 
was between 35 deg. and 40 deg. Fahrenheit and the rails were laid prac- 
tically tight. At the time the article was written the rails had passed 
through the extremely hot weather of the summer of 1929 and the subse- 
quent winter and during this hot weather the entire five miles was raised 
«nd surfaced without any tendency for the track to swing out of line or 
become “kinky.” Since this installation was made the article says that 
ihe temperature has ranged from 35 deg. to 100 deg. Fahrenheit and 
that at no time has there been evidence of expansion or contraction, in 


tact “the rail has, for all practical purposes, remained exactly as original- 
ly placed.” 


Looking at this Lehigh Valley installation it does not seem reasonable 
(0 suppose that the reason no trouble was experienced is because of the 
existence of a tight joint every 66 feet instead of a welded joint. 


Another installation which offers proof that welded open track will 
rive no trouble from expansion is one in Chicago on Vincennes Road. Al- 
‘though this is Street Railway track, nevertheless it is exposed “T” rail 
and the construction practically the same as for railroad track. In this 
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particular installation the double shoulder tie plate is not used, but in 
its stead one side of the base of the rail was held by the single shoulder 
of the tie plate and the opposite side by a rail clip which, fulerumed about 
the spike, would tend to gag the rail in the same way that the double 
shoulder would. In this installation the four rails of the double track 
were welded in stretches of fourteen, twenty and sixteen rail lengths 
with ordinary bolted joints between. Here again no difficulty has been 
experienced from expansion. 


It is probably superfluous to point out the importance of the elimina- 
tion of rail joints, but the layman’s impression is that except for the 
slight noise they introduce no difficulty. On the other hand the facts are 
that with the increasing weight of equipment and the greater speed and 
number of train movements, steam railroad track is really very difficult 
to maintain and it is reported that various railroads are considering the 
use of alloy steel rails, the use of heat-treated rails, and rails weighing 
200 pounds per yard in an attempt to eliminate the spalling off of the 
rail end and the serious danger of broken rails. In our opinion the weld- 
ing of the rail ends is the only solution because regardless of whether 
the rails are alloy steel, or heat-treated, or weigh 200 pounds per yard 
or more, the effect of the blow of the heavy wheel loads passing over the 
joints cannot, we believe, be eliminated in any other way. It is our 
belief also that the elimination of this constant shock and vibration of 
the rails, due to the blows at the joints, may greatly delay, if not elimi- 
nate, the crystallization and fatigue of the rail steel and may possibly 
eliminate the rail fissures which cause the engineer so much worry today. 


One of the things which the welding will definitely do away with is 
creepage and it seems very possible that this may be the cause of many 
of the broken rails and the numerous instances of spreading gauge. 
Creepage is undoubtedly a function of the rail length so that in a certain 
location each length will tend to move, usually in the direction of traffic, 
a certain distance for each passing wheel load. If this be true ten 33- 
foot lengths will tend to creep ten times as far as one 330-foot stretch of 
welded track and the experience so far with these long welded stretches 
bears this out. Creepage is only partially eliminated by the numerous 
designs of anti-creepers and it does not take much imagination to picture 
the enormous tension strains introduced into tangent track and the 
effect of this accumulation of creepage in the spreading of the gauge at 
curves. It is probably true that these enormous tensions are much 
greater than any tension that could possibly be introduced by a severe 
drop of temperature on welded track and it is our opinion at least that 
the strains, due to temperature, are always very small compared with 
the elastic limit of the rail and the elimination of shock makes these 
strains of even less importance. 


A few years ago a railroad engineer would not allow heat of any kind 
to touch his rail, but most of them are now using one welding process or 
another to build up worn or pounded rail ends and have found no serious 
consequences. It is but a little step further to weld these rail ends and 
as soon as he is convinced that prohibitive strains will not be introduced 
by the endless track so made it is certain that the enormous advantages 
will repay many times over the slight additional cost of weiding. 





The Application of Fusion Welding to 


Pressure Vessels * 
J. C. HopGet 


HE present discussion of welded pressure vessels is confined to 

welded vessels made by that division of welding described as the 
fusion welding process, and, particularly, by that subdivision of fusion 
welding known as metal arc welding. Pressure parts have been made 
by the other two welding processes—forge welding and electric resist- 
ance butt welding, but each of these processes has its limitations as to 
the size of the pressure parts which can be welded. 


Large numbers of metal arc welded pressure vessels have been made 
for several years. For the most part, these welded pressure vessels have 
been confined to air and gas containers and other equipment operating 
under low pressures and temperatures. The application of welded con- 
struction to pressure vessels for high temperature and high pressure 
service is a comparatively recent development and this paper is centered 
on a consideration of this type of welded pressure vessel. 


The general acceptance of welded construction in pressure vessels 
which were to operate under severe conditions has been very greatly re- 
tarded for several reasons: 


1. The average bare electrode weld as used in constructions which 
operate under conditions not relatively severe could not be used because 
the weld metal, even when free from major defects, is characteristically 
brittle. 


2. There has been a lack of agreement regarding the desirable physical, 
chemical and other properties of welded joints. This was particularly 
true regarding the behavior of welded joints under repeated applications 
of stress and was also true regarding the behavior of welded joints under 
high temperature conditions. 


3. The greatest objection to the use of welded pressure vessels was 
undoubtedly the absence of a definite testing procedure which would 
assure the reliability of the completely welded drum. 


There are numerous factors affecting the suitability of welded pressure 
vessels for severe service conditions. These numerous variables may be 
grouped into the following major divisions: 


1. The design of the vessels. 

2. The metallurgical and chemical qualities of the welded joints which in turn 
depend upon the electrodes and on the welding technique employed. 

3. The heat treatment of the finished welded vessel. 

4. The testing procedure. 


*Paper to be presented at Fall Meeting, A.W.S., Chicago, September, 1930 
+Babcock & Wilcox Company, Barberton, Ohio. 
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The two most important factors which are of greatest interest at the 
present time are the quality of the welded joints and the testing pro- 
cedure to determine the properties and quality of the welded joints. The 
present paper will, therefore, be restricted to a discussion of these two 
phases of welded vessels. 


Ordinary arc weld metal (weld metal deposited from bare electrodes), 
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even when deposited by a thoroughly competent operator, will usually 
contain a large number of major defects, such as porosity, oxide inclu- 
sions, laps, incomplete fusion, ete. Typical major defects are shown in 
macrographs Nos. 1 and 2 (Plate No. 1). Even when free from major 
defects as in macrograph No. 3, plate No. 1, the ordinary arc weld meta! is 
quite brittle, due to the fact that the bare electrodes have no protection 
from the gases of the atmosphere and consequently nitrides and oxides 
are present in the deposited weld metal. 
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Photomicrographs Nos. 1 to 6 (Plate 2) are typical of the structures 
observed in average bare electrode weld metal. Photomicrograph No. 1 
represents the coarse cast columnar structure of single bead deposition, 





‘Z a, " a, 
te oeaagalend SreucTuee FINE GRAINED EQUi-AKED 


; = a Ss STRUCTURE SHOWING PoRasiTY 








OX0E6 AND NITRIOES 


*, 


+ % Soo Dia. 
 Omtons Ano NITRIDES. 














PLATE II—TYPICAL PHOTOMICROGRAPHS OF BARE ELECTRODE WELD Meta. 
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brittleness of the weld metal being associated with this type of structure, 
When a second bead is deposited over this bead of coarse columnar struc- 
ture, the structure is more or less refined by the annealing heat of the 
second bead, the grain size being then represented by photomicrographs 
Nos. 2 and 3. Sound bare electrode weld metal with this fine grained 
structure would represent strong, tough and ductile weld metal were it 
not for the nitrides and oxides present. These nitrides and oxides are 
shown at higher magnification in photomicrographs Nos. 4, 5 and 6, the 
rounded oxide inclusions and the needle-like constituents which we have 
termed nitrides being readily observed. 


In photomicrograph No. 2 microscopic porosity is shown, and in photo- 
micrograph No. 3 a defect quite common to ordinary weld metal is 
shown, the defect consisting of a globule of weld metal surrounded by a 
film of oxide embedded in the weld metal. 


Du2, then, to the above macro- and micro-structural characteristics of 
ordinary weld metal, this weld metal is weak and brittle and is unsuited 
for the welded joints of pressure vessels. 


Typical physical properties of this weld metal are as follows: 


Ultimate strength, 50,000 pounds per square inch. 

Elongation in 2 in., 5 to 18 per cent. 

Reduction of area, 15 per cent. 

Charpy notched impact value, 1 to 8 foot pounds. 

Per cent elongation on outside fibers of bend test, 5 to 10 per cent. 

Between the average bare electrode weld metal and weld metal of a 

high quality suitable for pressure vessel service, there are all gradations 
of weld metal produced by special welding procedures, each of which has 
its own particular field of successful application in the welding of en- 
gineering structures. 


Properties of Welded Joints for Pressure Vessels 


A fusion welded joint, suitable for the construction of boiler drums 
and other pressure vessels for severe operating conditions, may be defined 
as a metallurgically sound welded joint. This implies a weld metal free 
from the major defects, such as cracks, porosity, slag inclusions, laps, 
incomplete fusion, etc., and also implies a weld metal free from micro- 
scopic defects, such as nitrides and oxides, so that the ferrite of the 
weld metal will be ductile. 


Metallurgically sound are weld metal can only be produced under con- 
ditions which give complete protection during deposition of the molten 
metal from the gases of the atmosphere. 


In its development of its fusion welding process, the Babcock & Wilcox 
Co. started with the premise that the welded joints for welded pressure 
vessels should be at least equal in quality to the plate materia! in every 
respect. The welded joints should be free from major defects and mi- 
croscopic defects. They should be as strong or stronger in tension than 
the plate material. The weld metal should be ductile and able to resist 
the application of a sudden stress to the welded joints. The welded joint 
should possess an endurance limit equal to that of the base or plate 
material. 
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Typical physical, chemical and other properties of the fusion welded 
joints developed by this process are presented as satisfying all of the 
ubove conditions. 


Macroscopic and Microscopic Examination 


Typical sections across the welded joints are shown in macrographs 
Nos. 1 and 2 (Plate 3). The freedom from macroscopic defects is striking 
when compared with the porosity, lack of fusion, laps, etc., which have 
been presented as characteristic of ordinary bare electrode weld metal. 
The verfection of the line of fusion between weld metal and base metal 
should be particularly noted. 


By careful control of the annealing procedure offered by multiple bead 
deposition (that is, by utilizing the heat of weld metal during deposition 
to refine the structure of the previous bead), the coarse cast columnar 
structure of single bead deposition is eliminated and photomicrograph 
No. 1 (Plate 4) may be taken as typical of the grain size of the weld 
metal. By this procedure, an annealing of the completely welded drum 
at a high temperature for refinement of the grain is unnecessary. A 
stress relieving treatment for the removal of residual welding stresses is 
all that is required and this may be accomplished at a relatively low tem- 
perature, approximately 1200 deg. F., so that distortion and sagging of 
the drum during annealing is at a minimum. 


Photomicrographs No. 2 and No. 3 (Plate 4) show the structure of 
the weld metal at a higher magnification, no nitride needles or oxide in- 
clusions being present. 


Photomicrograph No. 4 represents the structure of the original plate 
material and photomicrograph No. 5 (Plate 4) represents the junction 
of the weld metal and base metal. The structure of the affected zone of 
the plate immediately adjacent to the weld metal is superior to that of 
the original plate. 


Weld metal with the above macro and micro-structural characteristics 


should possess excellent physical properties and the welded joint should 
be suitable for pressure vessels. 


Tensile Properties 


On tension specimens cut transverse to the welded joint failure always 
occurs in the plate, provided the plate complies with the A.S.M.E. boiler 
code specifications for firebox plate, although the section through the 
weld is the same as that through the plate. 


By reducing the effective cross section of the weld metal by drilling 
holes in the weld metal, failure is made to occur in the weld metal and 
the actual tensile properties of the weld metal are thus obtained. 


_ Tension specimens transverse to the welded joints do not give values 
for the elongation and reduction of area of the weld metal, which can be 
readily compared with values for other steels. These properties can be 
obtained on all weld metal tension specimens, standard .505 in. dia. by 
2 in. gage length cut from the weld so that the axis of the specimen is 


— to the axis of the joint. The tensile properties are summarized 
in Table I. 
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PLATE IV—PHOTOMICROGRAPHS TYPICAL OF THE PRESSURE VESSEL WeLDED JoiNTS 
THE B. & W. Co. 























WELDED PRESSURE VESSELS 


TABLE I 


A.S.M.E. Pressure Bare 
Firebox Vessel Electrode 


; Plate Weld Metal Weld Metal 
Transverse Specimens 


Ultimate Strength, lbs./sq. in. 
55,000 65,000 


65 000 74,500 56,000 
67,500 50,000 


1/2 47,000 

Ult. 58,900 50,000 

Str. 51,000 42,000 
All Weld Metal Specimens 
Yield Point, lbs./sq. in. 

Not 40,000 35,000 

Spec. 65,000 50,000 

52,000 42,000 


Not 60,000 40,000 
Spec. 72,000 63,000 
67,000 52,000 


Not 20.5 
Spec. 38.0 
28.0 


Not 32.0 
Spec. 65.0 
40.0 


A set of six tension specimens with an increasing number of holes 
drilled in the weld metal is shown in Plate 5 and the data obtained on 
these six specimens are given in Table II. 


It is to be noted that fracture occurred in the weld metal in one speci- 
men only, where the effective cross section of the weld metal had been 
reduced to 65 per cent of the section through the plate and where the 
breaking load of the weld metal was as high as 74.200 pounds per square 
inch.* 

The stress strain diagram of this weld is of interest. A typical dia- 
gram of the weld metal and a typical stress strain diagram of well an- 
nealed plate are shown in Fig. 1 A and B. Both types show a decided 
yield point. The slope of the curve in the region of the yield point is 
practically zero, indicating that considerable deformation of the metal 
takes place in this region without a great increase in load. An enlarged 
view of the stress strain diagram for the weld metal through the yield 
point is also shown in Fig. 1, this portion of the diagram indicating that 
in good weld metal deformation at the yield point is in effect a successive 
series of slips, similar to the yielding in a well annealed low carbon 
structural steel. 

Send Tests 


The bend test is of considerable value in determining the ductility of 
e weld metal in a welded joint. Following the method of determina- 


*This tensile strength is bably somewhat higher than it would be with a test 
cimen of ordinary proportions. . 6 , 
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tion of the satisfactory behavior of a welded joint under bending pro- 
posed by Mr. Kinzel of the Union Carbide Laboratories, the ductility is 
expressed as the per cent elongation in the outside fibers of the weld 
metal during bending. Values for this weld metal have been found as 


> 
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3 
K 
~) 


o 70 2 so 30 SO o~ 7 60 oo (00 ad “= 


Jrain-/*.00033 1s. ln & IMs. 
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high as 65 per cent, while the average per cent elongation of the outside 
fibers is approximately 50 per cent. 


A bend test specimen may be bent around a mandrel of a diameter 
equal to the thickness of the plate to an angle 180 deg. An idea of 
the extreme ductility of the weld metal shown by the bend test may be 
obtained from an examination of plate No. 6. 
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Impact Resistance 

The impact test is better described by the term “Notched bar impact 
test,” inasmuch as this term suggests a more accurate interpretation of 
what is accomplished by the testing, namely, the ability of the test speci- 
men to resist the growth of a crack, once started in the metal. The 
greatest value of the notched bar impact test is that it gives the most 
useful indication as to whether or not a steel has been heat treated 
properly. 





o 80 @ %w C0 0 SEccerel coun co. +" 


Sreain - 000383 Ins. in ZINS. % 
Fic. 1B 


As applied to weld metal, the presence of a large amount of the coarse 
cast columnar structure already described will be indicated by low in- 
pact values. So also will a weld metal, inherently brittle by reason of its 
oxide and nitride contact, behave. 


Standard 10 mm by 10 mm Charpy impact specimens give the following 
values for weld metal suitable for pressure vessels as compared with 
other steels. 


TABLE III 


A.S.M.E. boiler plate—as rolled. . 
Weld metal—made with bare clectrodes. 
Pressure vessel weld metal 
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WELDED PRESSURE VESSELS 


Laboratory Fatigue Tests 


Fis. 2 








Prof. H. F. Moore has conducted laboratory tests to determine the en- 
durance limit of this special are weld metal. His tests have shown the 
remarkably high endurance limit of 30,000 lbs./sq. in. for the weld metal 
as compared with an endurance limit of 28,000 lbs./sq. in. for Firebox 
quality plate. A copy of the results of his laboratory test follow (Table 
IV and Fig. 2): 

TABLE IV 


All material was furnished in the form of bars turned to 0.4 in. dia. All 
fatigue tests were made on rotating beam testing machines using a specimen 


12 inches long and 0.300 inches in diameter (minimum). 


Specimen 


Computed Stress, 


Lb. per Sq. In. 
45,000 
40,000 
37,000 
35,000 
32,000 


30,000 
23,100 
20,000 


Cycles for 
Fracture 
46,600 
970,700 | 
3,278,500 
311,800 
34,855,300 
10,384,200 
13,697,400 


. 18,814,800 


Remarks 


Retest of Specimen 4 
Retest of Specimen 2 


Spesimen did not fracture 
Specimen did not fracture 
Specimen did not fracture 
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Plate No. 7 shows the surfaces of the fatigue fractures through thé 
weld metal. In each case the fracture had developed by progressive fail- 
ures propagating from two opposite sides of the specimen with final rup- 
ture through the center of the specimen. This condition is shown by 
the darker band through the center of the specimen, corresponding to 


TABLE Yj SUMMARY OF TEST RESULTS 
Maz. 
Efficiency allowable Range of 
of test 
- joint, 
: ; oe 
Specimen in. in. cent 
Manganese-steel test 
drum, riveted 2 at 180° 71 
—— standard 


el 


heer 
3q. in. 
0-1260 ’ Crack io drum bead below manbole 


0-1260 \¢ No fracture 
0-1570 ¥ 446 Failed at ‘/rin. tap hole for gage 


0-1570 J / No fracture; test still in progress 


BB Sees & & 2 58S 


80 

Forged test shei None 100 
Porge-and-hammer- 
shell No. 12 

Pailed im plate away from weld at « 
itudinal defect on the inside 


In long. seam sear middie of length 
at junction of base metal and weld 





ee Ferre fF PF 
ss sssss 


wn 
oo 


ilure—supplementary (test 
sheli No. 8; test still in progress 


for are-weided shells where the maximum allowable working pressure is that given by the Proposed 





a 


PLATE V—TENSION SPECIMENS TRANSVERSE TO (For DATA 
TABLE II) 





1930] WELDED PRESSURE VESSELS 105 
the fracture by overstressing, with the lighter zones at the top and bot- 
tom, corresponding to the two progressive fractures; this condition il- 
lustrates perfectly the great homogeneity of the weld metal, for if small 
defects had been present these “stress raisers’ would undoubtedly have 


localized the progressive failures and only one progressive failure would 
normally have been present. 





Ouree Suerace Or Beno Seecimen 











PLATS VI—Benp Test SPECIMEN FROM 2 IN. THICK WELDED PLATE 
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Density 

The density or specific gravity of various weld metals offers a very 
convenient method of determining the relative amounts of voids or po- 
rosity present in weld metals. 


Average 
Specific Gravity Density, 
Min. Max. Ave. Lhbs./Cu. Ft 
Bare electrode weld metal.......... 7A4 7.68 7.59 473 
Pressure vessel weld metal......... 7.80 7.85 7.83 488 
A.S.M.E. firebox plate............. rane 7.84 489 


Assuming the theoretical value of the specific gravity of solid rolled 
low carbon plate as 7.85, the above values correspond to the presence of 
3.3 and 0.12 per cent voids respectively, in ordinary weld metal and the 





PLate VII—SHOWING SURFACES OF FRACTURE THROUGH THE WELD METAL IN 
FaTIGuUE Test SPECIMEN. THE CHARACTER OF THE FRACTURE INDICATES 
RELATIVELY GREAT HOMOGENEITY OF THE WELD MeTaL 


special pressure vessel weld metal. The minimum value of 7.44 for bare 
electrode weld metal corresponds to the presence of 5.2 per cent voids. 
Chemical Anaylsis 


The chemical composition of pressure vessel weld metal as compared 
with boiler plate and with bare electrode weld metal is given in Table V. 











TABLE V 
Pressure Bare 

Firebox Vessel Electrode 

Plate Weld Meta! Weld Metal 
| a ae Less than 0.04 Lessthan 0.045 Less than 0.(45 
Phosphorus .oscccceccds Less than 0.04 Lessthan0.040 Less than 0.040 ] 
MORERRIEG «occ kcs aha: 0.30 to 0.60 0.30 to 0.60 Less than 0.20 I 
Carbon ...csecesescoee Not over 0.30% 0.08 to 0.15 0.02 to 0.08 

Nitrogen as iron nitride. . Not spec. Less than 0.02 0.10 to 0.14 

Will not usually . 

be over 0.009 i n 
A comparison of the above values (particularly the nitrogen contents : 
and the manganese contents) indicates that the weld metal suitable for , 


pressure vessel welding was deposited under conditions which gave the 1 
greatest protection to the molten weld metal from the gases of the atmos- P 
phere. 


Drum Tests 


After the development of the welding process which produced welded 
joints with the excellent properties, heretofore described, a series of full 
sized arc welded test drums and shells were built and tested to destruction, 
both by straight hydrostatic pressure and by repeated applications of 
pressure (fatigue failure). The test to destruction by static hydraulic 
pressure has been repeatedly described in the technical literature. No 
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lata for this type of testing of welded pressure vessels will be given in 
this present report other than the statement that the experimental 
welded pressure vessels with welded joints of the type described above 
always failed in the boiler plate, when the test pressure had reached a 
value corresponding to a fiber stress in the drum or shell within the ten- 
sile range of the plate used (55,000 to 65,000 pounds per square inch). 


PLATE VIII—Fatieur Test ASSEMBLY FoR FULL Sizep Fusion WELDED SHELLS 


The testing of pressure vessels to destruction by repeated applications 
of pressure (fatigue failure) is a method less well known than the 
straight hydrostatic test. For a complete discussion of the fatigue tests 
of various types of pressure vessels, the paper presented in June of this 
year by Prof. H. F. Moore of the University of Illinois at the Detroit 


meeting of the American Society of Mechanical Engineers, should be 
consulted. 


Table VI, which has been taken from Prof. Moore’s paper, gives a sum- 
mary of the test results of the various test shells and drums. Approx- 
imately 25 welded test shells and drums have been or are being tested 
to destruction under the repeated applications of a pressure correspond- 
ing to a stress cycle across the welded joint from a minimum of zero 
pounds to a maximum of 16,500 pounds per square inch in tension. 


The fatigue test assembly used for the welded test shells is shown in 
Plate 8, the construction consisting of an outer shell, which is the shell 
to be tested, an inner shell forming an annular space between inner 
shell and outer shell for the application of hydraulic pressure, and pack- 
ing glands at each end held in place by end plates. Several examples of 


the types of failure produced in the various test shells by this type of 
destructive test are presented. 


Plate No. 9 shows the type of failure which occurred in a joint welded 
with bare electrodes by an operator of considerably more than average 
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skill. Failure occurred after 5530 applications of pressure, the failure 
being through the weld metal and evidently being determined by several 
imperfections along the line of fusion. 

Plate 10 shows the fracture which developed in a shell welded with 
covered electrodes. The failure occurred after 267,000 applications of 
pressure along two separate elongated bodies of slag entrapped in the 
weld metal. This is included to show that while the reduction of the 








Puate IX—(Top) SuRFACE OF FRACTURE DEVELOPED By FATIGUE TEST IN 

WELD or TEST SHELL, WELDED WITH BARE ELECTRODES. (BOTTOM) SECTION 

Across WELDED JOINT IN ABOVE SHELL AFTER FATIGUE FAILURE, SHOWING 

PATH OF FAILURE. FAILURE DEVELOPED AFTER 5530 APPLICATIONS OF PRESSURI 
AT A STRESS OF 16,500 Laes./Sea. IN. 


effective cross section by these slag bodies was relatively small, thei! 
effect in the production of localized highly intensified stresses was suffi 
cient to produce failure under the fatigue test. 


On test shells which had been welded by the special process and in 
which a '% inch tapped hole for the hydraulic gage was present in the 
boiler plate, failure occurred not in the weld metal, but in the boiler 
plate through the tapped hole. Failure through the hole in the plate 
was due to a concentration of stress around the hole, the stress in the 
fibers of the plate around the hole reaching a possible theoretical valu 
of three times the mean stress in the plate. 


Plate 11 shows several views of the plug removed from around the gage 
hole in a test shell which failed in this manner. It is interesting to note 
that all test shells which failed through the tapped hole failed after 417,- 
381 to 561,984 applications of a pressure, equivalent to 16,500 pounds per 
square inch stress in the plate. The range represented by these figures 
is quite narrow for tests of this nature, indicating that the effect of the 
tapped hole was more or less constant for all shells. 


In the later test shells welded by the new process, there are no holes 
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for the hydraulic gage in the test shell proper, the hydraulic gage being 
connected to the inner shell of the fatigue test assembly. One of these 
shells has withstood 10,000 applications of pressure at 22,000 pounds per 
square inch stress in the shell and in addition 1,020,000 applications of 
pressure at 16,500 pounds per square inch stress. A second shell has 
withstood 1,995,450 applications of pressure at 16,500 pounds per square 
inch stress and in addition 50,000 applications of pressure at 22,000 
pounds per square inch stress. No evidence of failure in either the plate 
or the Welded joint is present in either shell. 

A gonsideration of the above test results on both laboratory test speci- 
mens ‘“aztd full sized test drums should leave no doubt as to the quality of 
the welded joints produced by this process. 








PLATE X—VIEW OF BoTH SURFACES OF THE FRACTURE DEVELOPED BY FATIGUE THROUGH 
WELD METAL. FAILURE DEVELOPED ALONG TWO ELONGATED SLAG INCLUSIONS IN WELD 
METAL 


Test Procedure 


A testing procedure governing the testing of the finished welded drum 
to determine the quality of the welded joint and the reliability of the 
structure is a subject on which considerable divergence of opinion may 


be expected and yet this phase of pressure vessels is of maximum im- 
portance, 


A testing procedure which will absolutely guarantee the satisfactory 
performance of a welded pressure vessel under severe operating condi- 
tions must be made up of the following fundamentals: 


1. The securing of welded test plates, which are obtained under conditions as 
near as possible to the conditions under which the main welded joints in 
the pressure vessel are produced. The determination of the tensile prop- 
erties, the ductility under bending, the impact values, the macro and micro- 
structural characteristics and the chemical analysis of the weld metal on 
specimens obtained from the above test plates. These properties must com- 
ply with the values of a rigid, yet reasonable, specification which will 
guarantee a high quality of weld metal. 


2. The exploration of the main longitudinal and circumferential welded joints 


of the finished welded drums by an approved non-destructive test which 


would determine quantitatively the size and location of a defect within the 
welded joint. 


3. The subjection of the completely welded drum or pressure vessel to a hydro- 
static test pressure of some value considerably higher than the working 
pressure of the drum or vessel. 
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The testing of specimens cut from representative samples of the 
welded joint is very well understood and this method has been accepted 
by the Engineering and Welding professions in a general way. Difference 
of opinion exists only as to the details of this method; as to what consti- 
tutes a representative welded sample; as to what particular test should 
be made on specimens cut from the representative samples; and as to 


ony 














PLATE XI—ViEWs OF PLUG REMOVED FROM AROUND Hyprauiic Gauecs Hote THRovcl 
WHICH FATIGUE FAILURE DEVELOPED AFTER APPROXIMATELY 500,000 APPLICATIONS ©! 
PRESSURE AT A STRESS EquaL TO ONE AND ONE-HALF TIMES THE WORKING PRES 
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what particular values the properties of the specimens should comply 
with. 

The static hydraulic pressure test is also generally accepted, differences 
of opinion regarding this test being centered around the question as to 
what particular test pressure should be used. Should the test pressure 
be 114 times the allowable working pressure of the vessel or should the 





PLATS XII—EXPERIMENTAL Set-Up or SPERRY APPARATUS 


vessel be tested under a test pressure equivalent to a stress in the vessel 
in the neighborhood of the proportional limit or in the neighborhood of 
the yield point of the metal? 


When we come to the remaining phase of the testing procedure for 
welded pressure vessels, namely, the non-destructive test or the explora- 
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tion of the welded joints of the finished welded drum, we find that there 
are no detailed data on non-destructive examinations of the welded joints 
of pressure vessels. There are several types of non-destructive test ap- 
paratus which may possibly be adapted to the testing of welded pressure 
vessels. 

The development work on non-destructive test apparatus has been 
concentrated on two methods: 


1. The fissure detection apparatus by electro-magnetic means, and, 
2. The X-ray method. 


PLATE XIII—TuHE Two SURFACES OF A CRACK IN A WELDED PRESSURE V ESSE! 
ACCURATELY LOCATED BY THE SPERRY APPARATUS AND ITS APPROXIMATE 5!Z! 
OBTAINED FROM THE RECORD 


The first apparatus was designed by the Sperry Development Co., this 
apparatus being a modification of their fissure detector for rails. 


Considerable work has been performed in conjunction with the Sperry 
Development Co. in developing the application of this non-destructive 
test to welded pressure vessels. 


Plate 12 shows the experimental assembly used. The test shell to 
explored is placed on a movable platform, the speed of which can 
readily adjusted. The drum is brought into contact with two brushes at- 
tached to the cross beam of the frame so that the welded joint of the sne!! 
lies between the two brushes. A heavy electrical D. C. current is broug! 
into the brushes and passes through the welded joint. The current In 
the welded plate sets up a magnetic field around the plate and as th 
shell travels under the brushes, any deviation or distortion in the direc- 
tion of current through the plate in passing around flaws or defects 
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within the welded plate causes a corresponding deviation in the direction 
of the magnetic field around the plate. The changes in the direction of 
the magnetic flux around the plate are detected and measured by a bal- 
anced coil unit, the changes in the current of which are amplified to con- 
trol relays for the operation of the recording apparatus. In this manner 
a permanent record of the location and extent of flaws within the welded 
joint is obtained. 


The Sperry apparatus readily gives an indication of the presence of a 
crack, which type of defect is indeed a very serious one. The location of 
the large crack shown in Plate No. 13 was readily discovered by the 
Sperry apparatus and its size was approximated from the Sperry record. 
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PLATE XIV—X-RAY APPARATUS FOR THE PRODUCTION EXAMINATION OF 
WELDED PRESSURE VESSELS 
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An idea of the sensitivity and accuracy of the Sperry apparatus ma) 
be obtained by a consideration of the test results obtained on a weld con- 
taining defects. Fig. 3 shows the nature and approximate size of thes 
defects. The records obtained from an examination of this weld by th 
Sperry apparatus were consistent in every case and checked perfectl 
with the measurements of the defects in the weld as is shown in Fig. 3 
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PLATE XV—RADIOGRAPHS OF EXCELLENT WELD AND OF PoROUS WELD 
CORRESPONDING IEXTCHED SECTIONS 


No difficulty is encountered in obtaining large indications on the Sperr) 
record from defects on the inner surface of a welded joint, where the 
defects were of the magnitude of 4% to 5/32 of an inch in depth. 


The second method for the non-destructive testing of welded joints 's 
the X-ray method, which gives a very positive record of the presence °! 
defects, particularly porosity and slag inclusions in the weld metal. The 
X-ray method of examination can be used economically in the exp! ation 
of every portion of the main longitudinal and circumferential join's © 
a welded pressure vessel. 
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Plate 14 shows X-ray apparatus set up for the examination of a longi- 
tudinal weld in a shell 30 feet long with a wall thickness of 24% inches. 
The safety drum, X-ray power plant and controls are mounted on a track 
or car which is moved along the vessel for the examination of successive 
portions of longitudinal seams. For the examination of girth welds in 
the vessel, the vessel can be rotated about its axis. The X-ray tube is 
placed at a convenient distance from the outer surface of the vessel to 
be explored, the tube being mounted in a lead covered metal drum, pro- 
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PLATE XVI—RADIOGRAPH OF POOR WELD SHOWING SLAG SEAMS 
ALONG WALLS OF WELDED JoINT. ALSO MACROGRAPHS oOFf SECTIONS 
THROUGH WELDED JOINT AT LOCATIONS INDICATED ON RADIOGRAPH 


vided with a suitable window so that the rays reach only a limited region 
‘long and on each side of the welded seam. The auxiliary lead shields 
revent scattered X-rays from escaping into the neighborhood. The 
‘ilm cut to a convenient size is placed near the inner surface of the vessel 
directly opposite the window of the tube drum and shielded with lead 
shields to prevent the escape of both direct and scattered X-rays. 


The radiographs are made with a standardized technique in which all 
onditions affecting the character of the picture are held constant during 
‘the examination of each vessel. The voltage applied to the tube and the 
ime of exposure are chosen to suit the wall thickness. For thicknesses 
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of 2 inches or more, 210,000 to 220,000 volts are used and the exposure 
time is chosen to give a satisfactory picture. For thicknesses below 2 
inches an exposure time of two minutes is used and a reduced voltage is 
chosen to give a satisfactory picture. With a proper technique, cavities 
having a depth of 2 per cent of wall thickness are readily detected. If 
desired, a calibrating device consisting of a perforated sheet of stee! of 
this thickness can be used to record on the film the difference in pho- 
tographic density due to a cavity equal to 2 per cent of the wall thickness, 


The radiographs in Plate 15 are of welds of varying degree of quality. 
The X-ray radiographs are self-explanatory and clearly indicate that the 
X-ray method gives an accurate and positive record of the defects present 
in welded joints. 

CONCLUSIONS 
Two of the most important phases of welded pressure vessels are: 
1. The quality of the welded joints, and, 


2. The testing procedure to be used in determining the quality of the 
weld. 


The most important factor in the testing procedure is the non-destruc- 
tive test or exploration of every inch of the main welded joint of the 
pressure vessel. Some may say that these non-destructive tests are un- 
necessary and will base their opposition on the consideration that if 
representative welded samples are obtained for each welded vessel, and 
if test specimens from these samples comply with the physical properties 
of the specifications, then the drum should be acceptable without any 
further examination of the welded joint by non-destructive tests. 


However, securing welded samples, the quality of which would be 
representative of the quality of the main joints in the drum, presents a 
rather serious problem. 


Regardless of how carefully we try to obtain samples of welded joints, 
which will be representative of the quality of the joints in the vessel, 
there is always the danger that the representative sample will be of 
excellent quality, while serious defects may be present at some location 
in the joints of the welded vessel. 


As an accessory to the physical test specimens which offers only a 
means of determining the physical values of samples of the welded 
joints, the non-destructive test method gives an examination of every 
inch of welded joint, so that it is impossible for dangerous sections, re- 
gardless of how isolated they are, to be present in the welded joints of 
the drum. The time may come when non-destructive tests may not be 
necessary, but for the present and for some time to come, non-destructive 
tests are an absolute necessity in assuring the satisfactory performance 
of a welded joint in pressure vessel service for severe operating condi- 
tions. The non-destructive tests are the only means of examining the 
entire length of all are welded joints in the drum to determine the pres- 
ence or absence of dangerous defects, whether they are serious blow-holes, 
slag inclusions or cracks. The non-destructive tests must be considered 
as of major importance to the manufacturer of welded pressure vess¢'s, 
to the user of welded pressure vessels and to the various governing groups 
of engineers charged with the supervision of pressure vessels to assur 
their satisfactory performance. 





Shear. Tests for Welds * 


By ANDREW VOGEL+ 


ELDING, for the purpose of this paper, will be considered solely as 
W: method of connecting steel members. As a connecting materia! it 
is subjected to shear, tension, compression and bending, or any combina- 
tion of these forms of stress. This paper, however, will be confined to a 
discussion of welding in shear, and simplified test procedure for de- 
termining quality of welds and the unit stress values to be used in design- 
ing welding in shear. 


Throughout the development or history of steel construction, almost 
invariably the connecting parts have been placed in shear because of the 
dependability of the connecting members, such as bolts and rivets, when 
subjected to this form of stress. As a result there has grown up a 
natural trend or habit resulting in the standard design of steel connec- 
tions with the connecting members in shear. The first tests of welding 
placed the welds either in bending or tension, though sometimes in shear, 
but more often in a combination of stresses, making the test analysis so 
complicated that no accurate unit stress values were obtainable. The 
results were definitely harmful to the development of welding as it indi- 
cated connections of variable strength or created the impression that the 
strength of the connections was difficult of direct calculation. 


Dependability in steel construction in buildings, structures, and ma- 
chinery, is of the utmost importance and this dependability must be 
obtained by simple and direct methods. This requirement necessitates 
the use of welding in shear as much as possible and with the welds in 
such position that the unit shear on each weld can be directly and easily 
calculated. If, then, the necessities of design and construction determine 
the use of welding in shear, it follows logically that the tests of welds 
should be in shear in order to duplicate as nearly as possible the actual 
conditions under which welding is used. 


} Structural materials, in their various forms, necessitate shear connec- 
tions. The building and mechanical trades are accustomed to shear con- 
nections. Inasmuch as conditions of materials and labor require shear 
connections, the tests should be made in shear in order to make direct 
comparison readily possible. 


It is not always possible to duplicate service conditions exactly. Service 
conditions frequently require such large connections placed in such 
manner and on such shapes, that no test can duplicate or, on account of 

ize, even approximate actual conditions. At present all that can be done 
under such circumstances is to arrange the welds so that the unit stresses 
an be accurately calculated, and depend on testing small specimens to 
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determine the unit stress values which provide the proper factor of safety. 7 


The facility with which shear welds can be applied to the structural 7 
shapes available results in economy of construction. The equal facility 
with which test specimens can be prepared for shear tests also results in | 
economy. It is apparent, therefore, that both service conditions anj 7 
testing conditions are peculiarly favorable to shear welds. In fact, the” 
specimen to be used for shear tests, described on page 74 of this issue | 
by the Committee on Standard Tests for Welds, illustrates a very simple © 
and economical specimen which can be used not only to determine unit © 
stress values for design purposes, but also to determine the skill and | 
proficiency of the welder in field or shop. 


It has already been stated that design methods are considerably simpli- a 
fied by the use of shear welds. A paper presented by the writer before 7 
the American Welding Society, April 25, 1929, entitled “Design of Joints | 
for Welded Steel Structures” illustrates these methods in some detail,” 
and a subsequent article has extended these methods. Design method: ~ 


can be so simplified by the use of shear welds that the connections of 1 9 


welded structure can be readily calculated by an engineer with assurance 
that the results will be satisfactory. And several tests of trusses used 


in construction and tests of individual connections have proved the | @ 


accuracy of these methods of design. 


The design of shear tests depends entirely on the results being sought 
If it is desired to seek information regarding the qualifications of 4 


welder, it is only necessary to prepare a specimen or series of specimens J 


as illustrated in the bulletin of the Committee on Standard Tests for © 
Welds. On account of the economy of these specimens, it is possible to 
test the welder’s efficiency frequently, thus keeping an accurate record 7 
of the welder’s workmanship. 


Frequently it is desirable to have information on the efficiency of the 7 
members used in the structure as well as the unit stress value of the weld 
itself. In this case it is necessary to use angles, channels or other struc- 
tural members welded to heavy plates with the amount of welding pro-7 
portioned exactly as in the structure, and with all parts of the element 
to be tested designed to bring out the data sought for. This form of 7 
test is now being extensively used and the tests made to date have indi- 7 
cated that the method of analysis developed in the paper entitled “Design — 


i} 
te 


Sd 


f 


of Joints for Welded Steel Structures” has been entirely satisfactory iy: 


It is necessary, however, in using structural steel shapes when testing 
welds in shear, to differentiate between testing to determine the efficiency | 
of the members and testing to determine the unit stress value of the weld ” 
This form of test is necessary, however, in connection with tests of sheat | 
welds in order to determine whether or not the strength of the shear 7 
weld is appreciably influenced by the shape of the member. 


As experience in the testing of shear welds is accumulated the effect 
of position and length of welds may be more thoroughly understood. At 
the present time design methods are based on uniform stress throughou! 
the length of the weld. Tests of riveted construction indicate that this 
may not be correct but experience to date in the design of sructures 
indicates that the use of uniform unit stress values is a proper procedure 
for all practical purposes. 
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The eccentricity of position of shear welds invariably produces shear 
in two or more directions on the same plane and this condition must 
influence the unit stress value in both directions. This form of shear 
test has not been carried out to a sufficient extent to determine accurately 
unit stress values. At the present time the resultant of shear in various 








© directions on the same plane is limited to the unit stress value adopted 





for shear in one direction. 






Experience has had considerable influence on the method of making 
shear tests on welds. At first the specimens were entirely too small, or 
rather the members were out of proportion with respect to the welds. The 
members distorted considerably before the welds failed and thus produced 
secondary stresses in the welds resulting in incorrect unit test values. 
The next series of tests was proportioned on the basis of keeping the 
stress in the members well within the elastic limit. The results were very 
satisfactory. The unit test values of the welds became uniform—so much 
so that it was possible to predict within a small percentage the load at 
which any test specimen would fail. In order to keep the stresses within 
the elastic limit the specimens were of quite considerable size in order to 
test a series of welds not over 6 in. in length. Later it was found that 
the specimens could be designed for welds of 14% in. to 2 in. in length 
and that the unit stress values were approximately the same as for welds 
of 6 in. in length. It was also found that it was not necessary to machine 
the specimens and, therefore, rolled steel bars could be used. 




















The use of bar type specimens very considerably reduced the cost of 
tests and really placed the tests on a practical basis. This resulted in 
the recommendation to the Committee of a small bar type specimen which 
is submitted to you for your consideration, as the specimen to be used 
for determining the qualifications of welders and to provide more data 
for determining the unit values to be used in design. Of course, it will 
be necessaryy to test structural shapes also, but this work is really an 
extension of the problem which does not involve the welds at all but 
rather the efficiency of the particular structural shape under considera- 
tion. The problem may then be summed up by saying that experience 
has shown that bar type specimens with short welds are sufficient for the 
control of welders fabricating welded joints for steel structures. 













The results of tests to date are given in an article by the writer entitled 
“Tests of Metal Arc Welds,” published in the General Electric Review, 
June, 1929. This publication described a series of 173 tests, the conclu- 
sions of which have not been changed by a considerable number of subse- 
quent tests. Time and space do not permit the republication of these data, 
but sufficient copies of this paper are still available for those interested. 
These tests can be summarized briefly as indicating the uniformity and 














reliability of arc welding, and the fact that the data published are suffi- 





cient for the design of steel structures. Of course, more tests will be 
made and these tests will amplify that knowledge and may even modify 
it, but a very considerable number of buildings have been completed with 
their design based on these tests. Many trusses have been tested, and 
the results have been uniformly satisfactory. 







Shear tests can be summarized as being the type of tests which can 


be most economically performed and which duplicate most accurately the 
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conditions under which welds are designed and applied on steel structures. 
As the results have been satisfactory, it is recommended that the bar 
type specimen, illustrated by the Committee, be extensively used for the 
next year, and that the results of tests with the conditions surrounding them 
be sent to the Secretary of the American Welding Society for tabulation, 
analysis and publication. Probably by the use of this standard specimen 
over a period of a year, so much valuable information will be obtained 
that at the Annual Convention in 1931 it may be possible to approve or 
modify the specimen in order to make it the control specimen to be 
used to determine the quality of welds in shop and field for stee! 
structures. 
Shear Tests for Welds 


APPENDIX A. 


In order to illustrate the advantages of the standard specimen proposed 
for shear tests, as recommended by the Commiteee on Standard Tests for 
Welds, a series of twelve specimens was made. The specimens follow 
the standard proposed exactly. The series was divided into four groups 
of three specimens each, four welders of average ability were selected 
and each welder was directed to weld a group of three specimens. No 
special instructions were given, in order that the welds should indicate 
the average ability of each welder. The specimens were properly identi- 
fied and taken to the Testing Laboratory. The tests were made in the 
usual manner and the results were recorded in the table blow. 





Total Stress per Linear Average General Aver- 
Specimen Stress Inch of Weld Stress age Stress 

A-1 75,750 12,625 

A-2 81,300 13,550 13,217 

A-3 80,850 13,475 

B-1 81,400 13,567 

B-2 72,600 12,100 12,947 

B-3 79,050 13,175 








C-1 88,050 14,675 
C-2 80,600 13,433 14,314 
C-3 89,000 14,833 
D-1 76,750 12,792 
D-2 76,700 12,783 12,536 
D-3 72,200 12,033 


It will be observed that the total load varies from 72,200 to 89,000 |b.. 
or from 12,000 to 14,800 Ib. per linear inch. The welds were of average 
quality, such as commonly used on steel structures; and as a design value 
of 3000 Ib. per linear inch for *4 in. welds is used, the result is a factor 
of safety of four or more. 


The specimens were very economically prepared and brought out the 
ability of the welders in a very clear and satisfactory manner. In addi- 
tion to indicating the character of work performed by each welder, it 
was very reassuring to find that all the work was of proper physical 
strength. 


The results desired were obtained; that is, an economical specimen, 
simplicity in testing, fractures indicating character of work, and uni- 
formly satisfactory physical strength proving the safety of the structures 
fabricated by qualified welders. 


















Why the Piping Contractor Prefers a Welded Job 


By JoHN J. Love’ 


Industrial steam piping installations are usually made today by means 
of oxy-acetylene welding. The advantages of welded construction for 
steam piping are numerous. The economies of a welded piping installa- 
tion are apparent to the piping contractor from the start, owing to the 
simplicity in the designing for such construction. It is unnecessary to 
order special, odd-shaped fittings, as these specials may be made up in 
the contractor’s shop or right on the job from standard pipe by the use 
of oxy-acetylene cutting and welding apparatus. The flexibility of this 
process is one of its greatest advantages in the fabrication of industrial 
piping. 


The notable absence of heavy fittings and the consequent reduction in 
weight of the transmission piping is another great advantage to the 
piping contractor. We have found that the whole job is easier to handle 
and that the elimination of heavy fittings not only results in a reduction 
of material costs, but also reduces the cost of properly supporting the line. 
It is possible to locate piping in places where it would be impossible to 
make an installation were any other method used than oxy-acetylene 


welding. Welded piping may be easily installed in confined places such 
as pipe shafts, close to walls and in narrow tunnels. 


The ease with which insulation may be applied to welded installations 
we find a great advantage. The line presents a smooth, uniform surface 


without uneven fittings, so that the covering can be applied at minimum 
expense. 


The operating engineer will find a welded piping installation most 
satisfactory from the point of view of general plant operation. No pro- 
jections or uneven joints interfere with efficient transmission, and there 
are dependable joints which are fully as strong as the pipe itself and 
usually stronger. The strong and ductile joint produced by oxy-acetylene 
welding is capable of withstanding the expansion and contraction stresses 
caused by the varying temperatures in the piping. 

The welded joint is the most satisfactory joint for resisting corrosion, 
and the fact that it is leak-proof adds an assurance that there will be 
no loss of power through the development of leaks and minimizes the 
possibility of a shut-down for repairs. 

Alterations on piping systems already in operation may most effectively 

made by means of the oxy-acetylene process, and these changes can 

st be made on welded lines. When an additional branch or connection 

s to be made on the line, the necessary outlet is cut according to a 

mplet with a cutting blow-pipe and the new. connection is welded in in 

very short time so that the shut-down is reduced to a minimum. The 
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flexibility of the oxy-acetylene process is a vital factor both in initial 
installations and in additions to existing piping systems. 

We have made a great many steam piping installations in the vicinity 
of Philadelphia, all of which have been oxy-acetylene welded throughout. 
Recently we were called upon to do a job which has attracted considerable 
attention. 
















Fic. 1—WeLpEeD Ex- 
PANSION Loops IN 
12 IN. AND 6 IN. PIPE 
FoR 300 Le STEAM 
PRESSURE 





Fig. 2—OMEGA BENDs 6 IN. AND 2 IN. PIP! 

A large manufactourer of radio equipment recently constructed a com- 
plete new plant addition, which also involved the installation of a new J 
steam piping system. Oxy-acetylene welding was specified as the method 7 
by which the pipe should be installed, and our company was awarded the 9% 
contract largely because of our familiarity with welded piping instal 7 
lations. 


The essential features of this installation were a 12 in. steam mail @ 
designed to carry 300 Ib. per sq. in. pressure, and a series of smaller 9 
lines of 8 in., 6 in. and 4 in. pipe fed by the 12 in. main. Fig. 1 shows § 
this 12 in. line paralleled by a 6 in. line, with expansion loops in each & 
of the lines. Because of its size, the 12 in. expansion loop had to %& § 
shipped in sections, which we welded together on the job. 
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We use this type of reducer for small changes in diameter. 
by heating the end of the larger pipe with the blowpipe, swaging the 
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Fig. 2 shows other expansion loops in a 6 in. line paralleled by a 2 in. 
line. It is interesting to note that the same principles were followed 
in constructing the small diameter lines as in the larger sizes. In the 2 
in. line all of the joints are made by oxy-acetylene welding just as in the 
larger sizes of pipe. 


Reducers were necessary at several points in the system. Fig. 3 
shows an eccentric reducer joining 12 in. and 10 in. sections of the line 


=! 


Fic. 3—Swace Joints From 12 To 10 In. 


Fic. 4—6 IN. To 4 IN. Repucer 


It is made 


ated section down to match the smaller pipe. The reduced end is then 
velded to the smaller section of the line. Fig. 4 shows another reducer 


between 8 and 6 in. pipe. This view was taken looking almost straight 


p at the roof. Eccentric reducers were used throughout this installation 


uS they avoid the possibility of having pockets where condensate might 


lleet. 
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Another feature of this installation was the use we made of short 
radius bends specially fabricated for welding. Fig. 5 shows these bends 
used in 6 in. and 8 in. risers from the 8 in. main. These bends consist 
of seamless steel tubing hot-formed by machine on a special mandre! 
to give curves having a radius of only 1% times the diameter of the 
pipe. These short radius bends are designed especially for welded con- 
struction and are furnished with beveled ends. The usual bends, such 


Fic. 5—W ELDED 
SHortT-Rap 
BEN! 


Fig. 6—FLANGE CONNECTIONS Usep NEXT TO VALVE 


as the ones shown in the illustrations, are 90 deg. elbows, but these may 
be altered to make a bend of any size by cutting off enough of the turn to 
make the required elbow. No matter where the cut is made the end 
will be a perfect circle. In the 6 in. line a welded offset is shown which 
brings the pipe back under the beam from which it is to be supported. 
Short radius 90 deg. bends cut in half were used for making these two 45 
deg. bends. 


Fig. 6 shows these same two risers from the 8 in. main from the other 
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side. It will be noted that both of these branches have valves at this 
point. In seam piping, it is usually necessary to use flanges on the line 
next to valves, and occasionally at other points where it might become 
necessary to disconnect the pipe. It will be noted that at all other points 
in this installation flanged connections are eliminated. 


Fittings or connections of the type shown in Figs. 5 and 6 were fabri- 
cated right in the plant where the installation was being made. 


Part of the work on this installation involved the laying of new steam 
mains under the street out-of-doors to connect the new plant with the old 
power plant. 


All of the welding was done in accordance with the established prin- 
ciples of procedure control and the completed installation not only presents 
a most workmanlike appearance but will give the owner perfect service 
throughout its life. 


Current Welding Literature 


Acetylene Explosions. Explosion Temperatures of Acetylene, W. Rimarski 
and M. Konschak. Acetylen in Wissenschaft und Industrie (Halle), Vol. 33, 
No. 7 (July, 1930), pp. 97-101. 

Acetylene Generators. Relation of Dimensions in Carbide Containers, W. 
Scheruhn and G. Pickhard. Autogene Metallbearbeiting (Berlin), Vol. 23, No. 
15 (Aug. 1, 1930), pp. 243-246. 

Aluminum Welding. Welding Aluminum, W. M. Dunlap, Aviation Eng., Vol. 
3, No. 7 (July, 1930), pp. 11-15. Discussion of welding practice in making fuel 
tanks of sheet aluminum; strength data on spot welds are given, and structure 
illustrated by microphotographs. 

Bridges, Steel—Electric Welding. First Welded Bridge of German State 
Railroad. Witte. Elektroschweissung (Braunschweig), No. 7 (July, 1930), pp. 
140-142. Are welding of bridge 10 m. span and 3 m. width near Muenster is 
discussed; tests confirm reliability of welding. 

Bridges, Steel—Welding. Recent Welded Bridges (Neuere geschweisste 
Bruecken), R. Bernhard. Y. D. I. Zeit. (Berlin), Vol. 73, No. 35 (Aug. 30, 
1930), pp. 1201-1207. Report on design and construction practice followed in 
three recently completed steel truss and plate girder bridges, in Switzerland 
and Germany, from 10 m. to 52 m, in length; welding details and features of 
By Sn used; description of X-ray equipment used in testing of completed 
welds. 

Bridges, Steel—Welding—Germany. The First Welded Railroad Bridge for 
Standard Gage Trains, Schaper. Bautechnik (Berlin), Vol. 8, No. 22 (May 23, 
1930), pp. 323-325. 

_ Dedicate Lindbergh Aerial Beacon. Acetylene Journal (September, 1930), 
Vol. 32, No. 3, pp. 85-86. The welding process plays an important part in the 
construction of guide for aviators at night. 

Electric Arc Welding of Aluminum. W. M. Dunlap. Welding (September, 
1930), Vol. 1, No. 11, pp. 762-766. 

Electric Machinery—Welding. Electric Welding in Modern Electric Ma- 
chinery Manufacture. G. L. Meyfarth. Schweiz. Elektrotechnischer Verein— 
Bul. (Zurich), Vol. 21, No. 16 (Aug. 22, 1930), pp. 533-546. Electric are weld- 
ing is superior to gas welding as heat transmitted to large work pieces is less 
and no warping results in good designs; illustrations of welded electric ma- 
chinery parts are given; economic importance of this manufacturing method for 
Swiss industry is pointed out. | 
_Electrie Welding, Arc. Alternating-Current Arc Welding. W. Schueller. 
Elektroschweissung (Braunschweig), No. 8 (August, 1930), pp. 163-164. 

Electric Welding, Arc. Electric Are Welding, L. S. Thurston. Elecn. 
(Lond.), Vol 105, No. 2725 (Aug. 28, 1930) pp. 225-226. Developments in 
United States during 1929; wing use in building and on long pipe lines. 

Electric Welding, Arc. Electric Welding, K. Jurezyk. Metallurgist (Supp. 
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to Engineer, Lond.) (August, 1930), pp. 126-127. Experience gained in large 
Germany works engaged in construction of locomotives and other machinery; 
precautions which are necessary to insure satisfactory welding; examples of 
important welded work, both in Germany and in America, Abstract translated 
from Stahl und Eisen, June i2, 1930. 

Electric Welding, Arc. Electric Welding of Mild Steel by the Metal Are 
Process, V. G. Pearson. Foundry Trade Jl. (Lond.), Vol. 43, No. 731 (Aug. 21, 
1930), pp. 127-128. 

Electric Welding, Arc—Time Study. Working-Time Determination for Elec- 
tric Arc Welding, W. Goldstein. Machinenbau (Berlin), Vol. 9, No. 14 (July 
17, 1930), pp. 489-492. Outline of sensitive method for caleulating working 
time for lap welded and butt welded seams. 

Electric Welding and Its Uses. J. Lyall. Mechanical and Welding Enginee: 
(July 20, 1930), Vol. 4, No. 7, p. 226. Arc, Spot, Butt and Seam. 

Electric Welding Machines. Electric Spot Welding Machine. L. Lenouvel. 
Science of Industrie (Paris), Vol. 14, No: 199 (August, 1930), pp. 595-597. 
Recently developed welding machine of Sciaky type P.P. 330 for automatic 
regulation is described; note on principal characteristics, power consumption, 
power factor, strength of welds, water cooling of electrodes, water consump- 
tion, etc. 

Hoists—Electric Welding. Electric Welding in Manufacture of Hoisting 
Equipment. O. Wundram. Elektroschweissung (Braunschweig), No. 8 (Auv- 
gust, 1930), pp. 153-155. 

Improving Acetylene Pipe Lines. G. F. Wieser. Acetylene Journal (Sep- 
tember, 1930), Vol. 32, No. 3, pp. 94-95. Makeshift remedies should not be 
resorted to when increased demands call for a larger volume of acetylene 
than existing lines are designed to supply. 

Interesting Oxy-Acetylene Welding Demonstrations in Australia. Acetylene 
Journal (September, 1930), Vol. 32, No. 3, pp. 92-93. 

Investigation of Electro-Welded Joints Used in the Manufacture of Steam 
Boilers. G. K. Tatour and Prof. V. P. Vologdin. Published by Far Eastern 
State University. 

Locomotive Wheels—Welding. Building Up Locomotive Wheels by Auto- 
matic Are Welding. Ry. Jl. (August, 1930), Vol. 36, No. 8, pp. 16-17. Chicago 
and North Western Railroad, in solving problems of maintaining correct 
diameters of locomotive wheels, has applied, in Chicago shops of railroad, auto- 
matic are welding to performance of this service. 

More and Better Welders. W. F. McKay. Acetylene Journal (September, 
1930), Vol. 32, No. 3, pp. 96-98. A discussion of the needs of the New York 
Metropolitan district for instruction in pipe welding which applies to other 
large industrial centers. 

Oxyacetylene Welding—Acetylene Generators. Portable Oxy-Acetylene 
Plant. Engineering (Lond.), Vol. 130, No. 3368 (Aug. 1, 1930), pp. 156-157. 

Pipe, Steel—Electric Welding. New Welding Process Makes Light Pipe, 
J. W. Hill. Oil and Gas Jl. (Aug. 31, 1930), Vol. 29, No. 14, pp. 72-73. 

Pipe Welding. How to Weld Steel and Wrought Iron Pipe. Domestic Eng. 
(Chicago), Vol. 132, No. 2 (July 26; 1930), pp. 104-108. Standards for weld- 
ing adopted by Heating and Piping Contractors National Association. (To be 
continued.) 

Pressure Vessels—Welding. Ministerial Decree of March 25, 1930, Relative 
to Application of Autogenous Welding in Manufacture and Repair of Pressur: 
Vessels; Faleoz. Asociations Francaises de Propietaires d’Appareils a Vapeur 
—Bul., No. 40 (April, 1930), pp. 73-90. . 

Pressure Vessels—Welding. Recent Accidents Occurring in Apparatus Con- 
structed or Repaired by Autogenous Welding. V. Kammerer. Associations 
erry de Proprietaires d’Appareils a Vapeur—Bul., No. 40 (April, 1°30), 
pp. 93-114. 

Problems of the Small Structural Shop. I. B. Yates. Mechanical and Weld- 
ing. Desseeer (July 20, 1930), Vol. 4, No. 7, pp. 238-242. 

eport on Electric Welding. Mechanical and Welding Engineer (Ju): 
1930), Vol. 4, No. 7, pp. 221-224. 

Rock Products Industry—Electrie Welding. Electric Welding in Rock ) 
ucts Industry. J. C. Fritz. Elektroschweissung (Braunschweig), No. 8 
gust, 1930), pp. 161-162. 

Saws, Circular. Manufacturing Circular Saws. J. E. Fenno. Machy. (L: 
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Vol. 36, No. 981 (Aug. 14, 1930), pp. 639-642. Methods used in production of 
solid and inserted-tooth circular saws. 

Shop Cutting and Welding. Railway Journal (September, 1930), Vol. 36, No. 
9, pp. 36-38. 

oinplified Accounting for Welding Shops. W.T. Wheeling. Welding (Sep- 
tember, 19380), Vol. 1, No. 11, pp. 748-753. A detailed description of 17 forms 
and how they can be successfully adapted for keeping accurate records of a 
job shop. 

Structural Steel Welding. Stahlbau Edited by O. Bondy. Berlin, V.D.I. 
Verlag, 1930, 16 pp. One hundred photographs, illustrating use of welding in 
erection of bridges and buildings, are taken from various American and Euro- 
pean structures and illustrate wide variety of ways in which welds can be 
substituted for riveted joints; brief descriptions accompany plates, and refer- 
ences are given to fuller published accounts; book is sponsored by Welding 
Division of Verein Deutscher Ingenieure. Eng. Soc. Lib., N. Y. 

Test of Structures Built with the Help of Electric Welding. S. A. Danilov. 
Published by Far Eastern State University. 

The Welding of Copper. Mechanical and Welding Engineer (July 20, 1930), 
Vol. 4, No. 7, p. 224. 

Unit Joins Pipe Section by Electric Welding. Steel (Sept. 11, 1930), Vol. 87, 
No. 11, pp. 56 and 60. 

Welded Joints—Enameling. Formation of Enamel Blisters on Welded 
Joints. F. Goldman. Elektroschweissung (Braunschweig), No. 7 (July, 1930), 
pp. 136-139. 

Welded Steel Structures. Control of Quality in Electrically Welded Steel 
Structures. A. R. Moon. Instn. of Engrs. Australia—Jl. (Sydney), Vol. 2, No. 
7 (July, 1930), pp. 258-265. 

Welders—Testing. Selecting and Supervising Welders. Welding Engr. 
(August, 1930), Vol. 15, No. 8, pp. 39-40. 

Welding and the Building Codes. F. P. McKibben. Welding (September, 
1930), Vol. 1, No. 11, pp. 739-744. A complete résumé of the problem, includ- 
ing some of the obstacles that must be overcome and the qualification tests 
for welders. 

Welding Applications. Big Savings on Small Jobs. F. H. Marsh. Welding 
Engineer (August, 1930), Vol. 15, No. 8, pp. 35-37. Description of welding 
practice on ornamental iron, pipe railings, lintels, worn shafts, etc. 

Welding Inspection and Testing. R. Kraus. Welding (September, 1930), Vol. 
1, No. 11, pp. 757-761. Includes a description of equipment for making vari- 
ous tests and a guide for welding inspectors. 

Welding—Fire Prevention. Portable Cutting and Welding Equipment. C. W. 
Mowry. Nat. Fire Protection Assn. Quarterly, Vol. 24, No. 1 (July, 1930), pp. 
22-30. 

Welding, Electric vs. Oxy-Acetylene. Why Does Metallurgical Industry 
Change from Gas to Electric Are Welding? K. Drescher. Elektroschweissung 
(Braunschweig), No. 7 (July, 1930), pp. 142-144. 

Welding Machines, Hydraulic. Hydraulic Roller Welding Machine. Engi- 
neering (Lond.), Vol. 130, No. 3371 (Aug. 22, 1930), p. 251. Welding press 
built by Rice & Co. for manufacture of furnace tubes of maximum diameter 
of 4 ft. 6 in., minimum diameter of 3 ft. and maximum length of 8 ft.; heating 
of plate is carried out by means of town gas passed through booster to in- 
crease pressure. 

Welding Processes Used in Making Planes. J. B. Johnson. Welding (Sep- 
tember, 1930), Vol. 1, No. 11, pp. 735-738. 

Welding Repairs on Boilers. Mechanical and Welding Engineer (July 20, 
1930), Vol. 4, No. 7, pp. 236-237. Reply to question in May issue. 

_ Welds—Testing. Critical Discussion of Test Methods for Welded Seams. 
H. Kemper. Autogene Metallbearbeitung (Halle), Vol. 23, No. 15 (Aug. 1, 
1930), pp. 234-241. 

' Window Frames—Standards. Standard Window Frames for Concrete Ma- 
onry Units. L. C. Hill. Concrete (August, 1930), Vol. 37, No. 2, pp. 48-45. 
BOOKS 


“Weld Design and Production,” by Robert E. Kinkead, published by The 
Ronald Press Company, New York, price $4. This new book deals with the 
llowing topics: how to design safe and sure welds; how to control the man- 
‘acturing process to insure the production of the welds you have designed; 
w to predict and control the cost. 
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Giants out of the earth 


An Advertisement of the American 


No ace but ours has seen so swift and 
complete an application of natural 
forces to the doing of daily tasks. 
Man’s leaping knowledge . em- 
bodied in industrial plants and labora- 
tories, airplanes and electric loco- 
motives . . . has won new power and 
freedom. Machines are the symbols 
of a new relationship with nature. 
They are the servants of this civili- 
zation . . . helping men to extend the 
limits of their opportunities, to change 
the character of their life. 

Americans have been pre-eminent 
in this change, for in whatever they 
do they seek to utilize nature to the 
utmost, They have taken the power 
out of the earth and from the running 
streams. They have made it turn the 
wheels of their industry and move their 
products by rail. and road. 

They have made color and 
variety out of chemistry. They 


Telephone and Telegraph Compan) 


have spun metal in slim wires to carry 
their voices anywhere with the speed 
of light . . . and make neighbors of 
the scattered millions of America. 
Joining homes and work places, 
towns and distant cities, the Bell 
Telephone System has furnished 
new communication for this new age. 
Forwarding the growth of the nation, 
giving better and more complete ser- 
vice in advance of the demand, 
function has become the Ton ad 
one of furnishing the means of social 
and business contacts in crowded 
cities and scattered villages over the 
length and breadth of a continent. 
The Bell System is constantly 
improving the scope, speed 
accuracy of its service. Its w 
of contributing to the welfare 
prosperity of American 
goes on with increasing 
purpose and pace. 


Our Advertisers Are Supporting the Society. 








